NASA TECHNICAL NOTE *NASA N D-2525»_»

o

NASA TN D-2525

NASA ENGINEERING MODELS
OF THE MARS ATMOSPHERE
FOR ENTRY VEHICLE DESIGN

Edited by George M. Levin, Dallas E. Evans,
and Victor Stevens

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION e WASHINGTON, D. C. o NOVEMBER 1964

3



TECH LIBRARY KAFB, NM

e

NASA ENGINEERING MODELS OF THE
MARS ATMOSPHERE FOR ENTRY

VEHICLE DESIGN

Edited by
George M. Levin, Dallas E. Evans,
and

Victor Stevens

NASA Headquarters
Washington, D. C.

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

For sale by the Office of Technical Services, Department off Commerce,
Washington, D.C. 20230 -- Price $1.50






This document was prepared by the
ad hoc Planetary Atmospheres Committee
of the

Office of Advanced Research and Technology

George M. Levin, Chairman
Goddard Space Flight Center

Fred DeMeritte
NASA Headquarters

Dallas E. Evans
Manned Spacecraft Center

Edwin Pounder
Jet Propulsion Laboratory

Robert E. Smith
Marshall Space Flight Center

Victor Stevens
Ames Research Center

iii



SUMMARY

In an effort to standardize atmosphere models used in Mars
mission analyses and thus facilitate interpretation of such
analyses, tentative engineering models for the Mars atmosphere
are proposed. The emphasis here 1s on the entry aspect of the
mission. Three models having pressures at the planet's surface
of 10, 25, and jO mb are presented in both tabular and graphic
form. An atmogsphere model for use in terminal descent calculations
1s also presented. The atmosphere models are presented in both
english and metric units 1n terms of eight variables as a function
of altitude. These model atmospheres are based, insofar as
possible, on experimentally obtained data and are not envelopes
drawn around existing models of the Mars atmosphere.



INTRODUCTION

Uncertainties in the structure and chemical composition of
the Mars atmosphere present a problem of growing importance in
Mars mission analyses. Lack of definitive data has permitted
construction of numerous equally plausible models of the atmos-
phere, As a result, various analyses of entry into the Mars
atmosphere are often based upon widely differing atmosphere
models, Since it is well known that important results of such
analyses, e.g., heating, loads, landing techniques, are
functions of the atmosphere structure and composition, inter-
pretation of the results and comparison with results of other
analyses are often clouded by the choice of atmosphere,

Obviously additional observations and direct measurements
of the Mars atmosphere are badly needed to define the structure
and composition with accuracy. Such data are required for
intelligent interpretation and refinement of mission analyses and,
ultimately, for the design of vehicles to enter the Mars atmos-
phere., Unfortunately, acquisition of the required observations
takes time. Until better scientific data become available,
considerable benefit can be derived from standardizing on
certain atmosphere models for entry analyses,

It is the purpose of this report to present three tentative
models - a maximum, a minimum, and a mean. An atmosphere model
for terminal descent calculations is also presented in Appendix D,
It is not the intent to present new scientific models of the
Mars atmosphere, but rather to present reasonable standardized
models which will be useful in engineering studies.




DEVELOPMENT OF ENGINEERING MODELS

Atmosphere Parameters Important in Entry Analysis

Before establishing atmosphere parameters important in entry
analysis, it is instructive to examine some of the current models
of the Mars atmosphere, Twelve current atmosphere models are
shown in Figure 1. Although this is not a comprehensive pre-
sentation of all existing models of the Mars atmosphere, it is
representative and demonstrates the extremely wide differences
in temperature, pressure, density, and composition for the various
models., Each of these parameters has an influence on the Mars
mission; however, certain of them may exert a critical influence
and thus deserve special attention. For example:

1. The density structure (or density scale height
which is an increment in altitude required to
produce a change in density by a factor of e) is
important in determining the heating experienced
by the entry body. Scale height also strongly
influences the entry. guidance requirements and
the entry loads.

2., The density and pressure near the surface of the
planet are vital factors in determining the
terminal descent and landing., The configuration
of the entiry vehicle may also be dictated by these
factors.

3. The chemical composition of the atmosphere
determines to a large extent the radiative
heating experienced by the entry body. It may
also significantly affect radio communications
during entry.

It is thus evident that (1) density structure, surface pressure,
and composition are key factors in entry analysis and (2) values
of these parameters are widely different for the models shown in
Figure 1,

Since little reliable data exist on which to base a
scientifically accurate model, most of the existing models differ
due to varied interpretations of the limited data. It therefore
becomes exceedingly difficult to settle on any one model for the
Mars aitmosphere. Until more definitive data become available,
it seems appropriate to develop models which represent reasonable



extremes and to conservatively design entry capsules to cope with
these extremes., Accordingly, the atmosphere models presented

herein were developed on the basis of current information to produce
reasonable extremes in composition, surface pressure, and scale
height. The development of these models was strongly influenced

by the recent disclosures of Kaplan et al (Ref 1), and Kuiper (Ref 2)
concerning the surface pressure and composition of the Mars
atmosphere.

Calculation Procedure

Three models of the Mars atmosphere have been developed - two
extremes and a mean. These models were generated by a computer
program in use at the Manned Spacecraft Center. In principle,
the temperature profile, the surface pressure, the composition,
and the acceleration of gravity at the planet's surface were
specified. The values of density, pressure, speed of sound,
density scale height, mean free path, viscosity, and kinematic
viscosity were calculated using the expressions in Appendix B,

The inputs to the computer program for the three models were
as follows:

Model 1 Model 2 Model 3

Surface Pressure, mb 40 25 10
Composition, % by mass CO, 7 1/2 16 60

N, 92 1/2 84 40
Surface Temp., 9K 300 250 200
Troposphere Lapse Rate, ©K/km -3.64 -3.89 -4.,55
Stratosphere Temp., 9K 260 180 100
Top of Stratosphere, km 150 150 150
Thermosphere Lapse Rate, OK/km 2 2 ——
Surface Gravity, cm/sec2 375 375 375

It should be noted that the pressures and compositions* quoted
were derived from the same set of scientific measurements (Ref 1);
however, the values given for the temperature structure were

“The pressures of various constituents listed in Table 2 of Reference
1 are referred to in that paper as partial pressures even though

it was made clear in the discussion of equation 11 of that paper
that this partial pressure is the weight of a constituent in the
atmosphere per unit area, and thus represents the mass density of
the gas rather than the number density. For convenience both mass
and volume compositions are listed in Table I of the present

report.



derived independently from the literature., Combinations of
pressure-composition data with temperature structure data were
arbitrarily chosen to produce extreme models, For example, com-
bining the highest surface pressure with the temperature structure
giving the highest temperatures produces a model with the maximum
pressure and density for any given altitude, and of course, a

model with the maximum scale height--this is labeled maximum or
model 1, It should be emphasized in choosing the inputs to the
computer program that there is no physical basis for any correlation
between surface temperature and surface pressure,

The surface pressures were based on the work of Kaplan, et al
(Ref 1). Recent analysis by Kuiper (Ref 2) gives values of
surface pressure in close agreement with the lower pressures pub-
lished in Reference 1,

Although the evidence on chemical composition is not con-
clusive, it is generally agreed that carbon dioxide is the only gas
detected in large quantities in the Mars atmosphere. The values
given for carbon dioxide were taken from Reference 1. For the
purposes of determining values of molecular weight and other con-
stants required in the calculations, it is assumed the remainder
of the gas is nitrogen. It is recognized that other gases such
as argon (Ref 1), oxides of nitrogen (Refs 7 and 18), water vapor
(Refs 1, 3, 8, 9, and 13), and oxygen (Ref 1), to name a few, may
be present, but these quantities are probably small,

The surface temperatures chosen are representative of those
given in the current literature and bracket known seasonal,
diurnal, and latitudinal variations (Refs 4, 5, and 6). The lapse
rates quoted for the troposphere are the dry adiabatic lapse rates
for the compositions given for specific heats based on the average
temperature in this region. The stratosphere temperatures given
are representative values drawn from the current literature
(for example, Refs 16 and 17). The height of the base of the
thermosphere was based on values given by Goody in Reference 10,
The thermosphere lapse rate was based on a representative value
given by Vachon (Ref 11). The acceleration of gravity used is a
representative value given in the literature (Refs 12 and 16).



PRESENTATION AND DISCUSSION OF

ENGINEERING MODELS

The proposed engineering models of the Mars atmosphere
are presented in both tabular and graphical form. Summarized
in Table I are the values of the primary parameters which
characterize each model. The model atmospheres are presented
in Tables II, III, and IV in both metric and english units. They
are presented in terms of eighi variables as a function of
altitude in increments of one kilometer from the surface to one
hundred kilometers; in increments of ten kilometers from one
hundred to one thousand kilometers; and in increments of fifty
kilometers above one thousand kilometers. Calculations and
listings for these three tables were arbitrarily terminated at
altitudes where the density fell to 10-14 gm/cm3 since densities
of this order or less are of little interest in entry analyses.

The values for the reduced collision integral [Q(Z’Z)*]
(Ref. 19) used in the calculation of the viscosity and the kine-
matic viscosity are not valid above temperatures of 300CK; thus
values of viscosity and kinematic viscosity do not appear in the
tables for altitudes corresponding to temperatures above this

ambient value.

Profiles of temperature, pressure, and density are illus-
trated in Figures 2a,b,c. Figure 2d shows the three density
profiles normalized to earth sea level density.

Figure 3 shows how these three models compare with previous
models of the Mars atmosphere. The major differences between
these models and previous models of the Mars atmosphere are
the surface pressures and atmospheric compositions that were
assumed. These new lower surface pressures cause the density at
any given altitude to be lower than those given in previous model
atmospheres, however, it should be noted that a minimum surface
density using the parameters selected is not included in these
models, From Figure 3 it can be seen that the maximum and minimum
scale heights remain essentially unchanged.

If a surface pressure of 10 millibars is combined with a 3009K
surface temperature, a density of 50% less than that shown on
model 3 would be derived. This atmosphere for use in terminal
descent calculations is discussed in Appendix D and is shown in

Figure 4.



It should be noted that in calculating the foregoing results
the variation in gravity with altitude was included. When the
atmosphere is relatively deep compared to the planet's radius,
as it is in the case of Mars, then this variation of gravity can
be important in determining the pressure and density structure over
an extreme range of altitude. However, for many entry calculations
it is only the lower atmosphere structure for a relatively small
range of altitude that is important; hence assumptions of constant
gravity for calculation of atmosphere structure should not intro-
duce significant error. For this case, simple analytic expressions
for the density structure in the troposphere and stratosphere
regions can be derived from the basic equations of Appendix B.
Since such expressions are often convenient to use in machine
programmed entry calculations they are presented in Appendix C
together with the pertinent constants for the three Mars atmos-
pheres. Models were calculated using these expressions, When
plotted to the scale of Figure 2c¢ the results are essentially
coincident with those obtained using variable gravity.

The proposed atmosphere models should be useful in mission
analysis and design studies provided proper consideration is
given to their limitations. As stated previously, it was
assumed (primarily for the purpose of calculating pressure and
density profiles) that the chemical composition was limited to
COy,-Ny mixtures. Although argon has never been detected in the
Mars atmosphere, Kaplan et al (Ref. 1) reason on the basis of
abundance arguments that argon may be present in significant
amounts. The presence of argon would have little effect on the
density and pressure profile; however, it may importantly affect
the plasma sheath surrounding a vehicle during entry, hence affect
radiative heating and radio communications. 1In contrast, the
assumed temperature profile directly affects the scale height and
density profile. Temperatures near the surface of Mars are
believed to be relatively accurate. Temperatures in the isothermal
Oor even the assumption that an isothermal region exists are not so
reliable. Due to these uncertainties quite extreme temperatures
were chosen for the maximum and minimum profiles., It is reason-
able to expect then that the density profiles and scale heights
for the three atmosphere models will encompass the profile
and scale height for the real Mars atmosphere. Despite these
shortcomings, it is recommended that these models be accepted as
a tentative standard until more definite data are available on
the Mars atmosphere.



CONCLUDING REMARKS

The engineering models of the Mars atmosphere presented in
this report are based on the latest data on the Mars atmosphere
known to the authors. They have been developed to represent
reasonable extremes of the Mars atmosphere for entry analysis.
It is therefore recommended that these models be used in any further
NASA~sponsored analyses of Mars atmosphere entry.

Designing entry vehicles to the worst combination of con-
ditions described by these models unforfunately leads to design
compromises and weight penalties. It is evident that additional
scientific data on the Mars atmosphere are needed to eliminate
the need for these compromises and the attendant weight penalties.
When improved observational data are obtained that significantly
reduce the Mars atmosphere uncertainties, the models presented

herein should be revised.
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APPENDIX A

LIST OF SYMBOLS

- speed of sound
-~ specific heat at constant pressure

specific heat at.constant volume

£
|

-~ local acceleration of gravity
density scale height

©
1

mean free path
-~ molecular weight
- Avagardro's number

T =2 B B @onm
!

—~ pressure

H
©
1

planet radius
—~ Universal gas constant
temperature

- mole fractions of gas

N X H =
!

- height above the surface

- ratio of specific heats
—~ kinematic viscosity
viscosity

-~ number of gas components

- density

o < T 3 <<
1

_ VA
Ho)

- average effective collision diameter for gas mixture

ot - reference density (p = p . ©

zero energy collision diameter for a gas

w a  aj
I

— coefificients for calculating viscosity

*
0(2’2) -~ reduced collisional integral

Subscripts

i,J -~ components i and j of a mixture
mix —~ entire mixture

o -~ denotes surface condition

strat -~ denotes stratosphere condition
L) - earth

11






APPENDIX B

SUMMARY OF METHOD OF COMPUTING MODEL ATMOSPHERE PARAMETERS

The results presented in Tables II, III and IV were calculated
using the inputs from Table I and the equations presented here.
The calculation of atmosphere parameters was based on a numerical
integration of the hydrostatic equation:

dp ==gpdZ

The following assumptions were contained within the integration:

(1) Gravity varies as:

2
_ re .
g = ;;—;—Z go
(2) The gas mixture follows the perfect gas equation
of state:

(3) The temperature varies with altitude by a series of
constant lapse rates (depending on the altitude range)
as illustrated by Figure 2A.

With p, p and T thus determined as functions of altitude, the
following additional quantities may be computed:

1/2
Speed of Sound a = [Y%-T]
. L RT
Density Scale Height H = ———
P mg + Rgy

13



1k

Mean Free Path

Viscosity (for the mixture) y = _
mix= I

where

Kinematic Viscosity

APPENDIX B (Continued)

RT

L = .
2¥72 g2

Vv My

i=1 1+ % &, _-J
j=1
J#L

" 1/2 n. 1/4 2
[1 (D D ]

2 e
g0

*
(Values of 0(2’2) were obtained

from ref. 19)

n = up




APPENDIX C

ANALYTIC APPROXIMATIONS TO THE ENGINEERING MODELS

If the acceleration of gravity is assumed constant, then
analytic expressions can be written for the density variation with
altitude in the troposphere and the stratosphere regions, For
the troposphere, the density is given by

1
p = p. (1 + L'z e
o TO
where
— mng ( y-1 )

= - T 7

For the stratosphere, the density is given by

~-Z/H

P = Pref e Pstrat
where
A
Tstr t "~ ( :P - 1)
Pres = Po ( T a ) e¥ strat
o
RT
and H _ strat

0 :
strat Mg+ rat

Values of the parameters in the above expressions chosen
to represent the engineering models are as follows:

15



Parameter

Molecular wt., m

Acceleration of
gravity, g
Troposphere (Value @

surface)
Stratosphere(Value @
Z=75 km)

Universal gas con-
stant, R

Ratio of specific
heats, vy

Troposphere lapse
rate, T

Surface density, Po

Reference density, Pres

Surface temperature, To

Stratosphere

temperature, Tstrat

Density scale
height, H
strat

16

APPENDIX C (Continued)

Units Model 1 Model 2 Model 3
-— 28.8 29.7 35.8
cm/sec? 375 375 375
359 359 359
m2/sec2 °%k 8315 8315 8315
— 1.4 1.4 1.4
OK /km -3.64 -3.89 -4.55

gm/cm3 4.62x10"9 3,57x10"% 2.15x10~5
gm/cm3 5.28x10-5 5.69x10-9 1.09x10~4

%k 300 250 200
O

K 260 180 100
k‘n 20.9 14.0 6.5



APPENDIX D

AN ATMOSPHERE MODEL FOR TERMINAL DESCENT CALCULATIONS

An alternate model atmosphere for use in the design of a
retardation system for terminal descent may also be postulated.
This model is generated by substituting a surface temperature of
3009K in place of the 2009K surface temperature in model 3 and
keeping the same surface pressure and the same composition. The
result is a model that has a higher atmosphere density at
altitudes above 15 km, but at altitudes below 15 km the atmos-
phere density is lower than that of model 3 (see Figure 4).
Equations are given below for the density in the troposphere and
stratosphere regions in both metric and english units. These
were obtained by substituting the appropriate values in the
equations of Appendix C.

Metric Units

Troposphere region (below 46 km)

b= 1.44 x 107 (1 - 0.0145 2)2-%° gn/cm®
Stratosphere region (above 46 km) 7

p = 8.64 x 1074 ¢ : gn/cm3

(note Z is in km)

English Units
Troposphere region (below 150,900 ft)
5 -6 250

p=2,79 x 1077 (1 - 4.41 x 107° 2) slugs/£t3

Stratosphere region (above 150,900 ft)
~Z
p=2,0 x 1073 eEI’DDD slugs/ft3

(Note Z is in ft)

17
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12,
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TABLE OF ATMOSPHERES FOR FIGURE 1

Rand Report, Rm-2782-JPL (June 1961)

Model Atm, I (Max)
(convective equilib. throughout atm.)

Manned Spacecraft Center Model II 9/25/63

Rand Report, Rm-2782-JPL (June 1961

Model Atm. II (Max) ,
(convective equilib. to tropopause +
conductive equilib. above)

Rand Report, Rm-2782-JPL (June 1961)
Model Aim. III
(conjectural atm.)

Rand Report, Rm~2782-JPL (June 1961)

Model Atm. I (Min)
(convective equilib. through atm.)

Y

Douglas Report, Sm-44552 (August 1963)
Pressure Profile No., 8; M = 28.0

Douglas Report, Sm-44552 (August 1963)
Pressure Profile No, 6; M = 28,0

Rand Report, Rm-2782-JPL (June 1961)

Model Atm. II (Min)
(convective equilib. to tropopause &

conductive equilib. above)

Manned Spacecraft Center Model II 9/25/63
Lower Limit 90%N2—10%CO2

A Note on the Upper Atmos, of Mars

(August 1963) J. of Geophysical

Research (G. F. Schilling) Vol., 68, No, 16
Extension of Model II Atmos. (Max)

A Note on the Upper Atmos. of Mars

(August 1963) J. of Geophysical

Research (G. F. Schilling) Vol. 68, No. 16
Extension of Model II Atmos. (Min)

JPL Atmosphere 'N' (Nov. 1963)
38.3% 002-61.7% N2

132.6 mb

132.6 mb
132.6 mb

85.125 mb

41,04 mb

162 mb

85 mb

41.04 mb

41,04 mb

132,.6 mb

41,04 mb

15.0 mb
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TABLE I - SUMMARY OF STANDARD MODEL ATMOSPHERE PARAMETERS FOR MARS

Parameter

Surface
Pressure

Composition

Molecular
Weight

Acceleration
of gravity
at surface

Surface Temp.

Troposphere

lapse rate

Tropopause
altitude

Stratosphere
temp.

Top of
stratosphere

Thermosphere
lapse rate

Surface
density

Units
mb ’
lbs/sq.in,

cm/secg
ft/sec

Ok
ORr

gK/km
R/103 f£t

km

£t

Ok

OR

km

it

OK/km
ORr/103¢t

gm/cm3 3
slugs/ft

Maximum Mean Minimum
(Model 1) _(Model 2)  (Model 3)
40 25 10
0.58 0.363 0.145

7.5 16 60
92.5 84 40
4.9 10.8 48.8
95,1 89.2 51.2
28.8 29.7 35.85
375 375 375
12.3 12.3 12.3
300 250 200
540 450 360
-1.995 -2.134 -2.496
11 18 22
36,100 59,100 72,200
260 180 100
468 324 180
150 150 150
492,100 492,100 492,100
2 2 _
1.097 1.097 _
4.62x10-5 3.57x10~° 2.16x10""
8.97x10-° 6.94x10° 4.,19x10-5
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10"6

ft x

Altitude

0.0000
0.0033

0.0066
0.0092
0.0131
0.0l64
0.0197
0.0230
0.0262
0.029%
0.0328
0.0361
0.0334
0.0427
0.0457
0.0432
0.0525
0.0553
0.0591
Q.ub23
0.J)h56
0.G643
Q.ute2
D755
007487
0.%620
0.0453
Na.J386
Deudl?
0.0951
0.09dh
UalBL7
Jeli9)
GelUn3

Temperature
R

465441
45000
494ed
45340
44 3.0
46,0
LAVRVIRRY
bGEme')
Atove )
b4h= oy
[
Hh e )
GroLatd

G451l

1bs/in?

Pressure

§.80£-01
$+56C-01
9.32L-01
2.09L-01
c 36-01
4.64%-01
hab3.-01
4423.-01
4,340 -01
3.3%2-01
lehob—-01
3.4 30-01
3.325-901
3.167-01
e0e~-01
Ze36.-01
2.12.-01
2.53:-01
2ehbL~01
2.35_-9l
2.23C-01
2.13L-01
2.u2L-01
le 730-01
leds -01
le74n-01
Lebhe =01
158 =31
leo1 ~ul
e s =01
LedoL-J1
le2 =21
le24 =11
leloc-ut

TABLE II

NASA MARS ATMOSPHERE

MODEL 1
(Maximum)

English Units

slugs/ft3

Density

Q.97€-08
3.70L-05
4.43L-05
3.16L~-05
7.08-05
7.647-05
T.3Jc-95
7.15%F-05
hedlm-0Y
he677-05
Laebtr =05
h.220-Ub
5.327-35
D.635-05
9e36c-05
HelJi —-05
44855-05
4.621 -0
4.601-05
4e174.-05
3.487-05
3.720-05%
3.61t-05
Jebh. —-0n
3.27:-05
3.1l -5
2e dHE =05
2572 -0

2697 -5
256 =5
EERCR TRt ]
2ol 05
221 =
Zebul =5

Speed of sound
ft/sec

138,
1131.

1124.
1117.
1L10.
1103,
1U96.
1087,
1982.
1074.
Lué7.
1u60.
lubn.
Lu60.
1960,
1660.
1060.
1060.
10250,
luhD.
1060,
1060.
1060,
1J60.
1060.
1uhC.
Lubhd.
Lubde
19679,
| RVILTEIN
1.6).
1u6n.
1,66,
Lubhde

ity scale)geight
ft x 10

Dens

0. 1085
De.104

0.103
0.192
041090
Q.02
e0)I8
0097
N.N%6
0.094
13a123
V.92
Jde6b
Jeubh
UaU0%h
0956
UeNGO
LeH0
U066
U.066
.066
Datiists
Je A6
GaubT
Vel 1
0.067
veOT
EPvIcN
veonl
De bl
EIiNg
[T 4
GeaGl
Yaltb 7

ean free path
ft

X

T E-Db
5.3E-00
6.0L-00
6.2F-00
6e.4t—-006
6.6E-06
6.a0E-06
7.0¢-00
7.3F-06
71.9E-06
7.3L-06
B.1C-006
H.5F-06
3. )E-06
J.4L-06
9.97-00
1oJ)L=05
1.LE-05
1.1L-05
1.2¢-05
l1.37-0%
1.3+-05
lL.4t-05
1.57-0%
laov =05
l.ust-05
1.70-0%
led3T-0%
l.JE-0Y
2e0t-0Y
7.17-05
2.727=-04
2.3-09
2eF=05%

lO7

ity
sluga/ft sec x

Viscos

3.39

Kinema&ic-viscosity
t°/sec

4,4F-03
4.5E-03
4.6E~03
4.TE~03
4.8E-03
4.9E-03
4.3E~03
5.0E-03
5.1£-03
5.2E-03
5.3E-03
5.5E-03
5.7E-03
6.0E-03
6.3E~03
6.7E-03
7T.0E-03
T.4E-03
7.7C-03
8.1€-03
8.5E-03
9.0E-03
9.4F-03
9.9E-03
1.0E~02
l.1E-02
L.1E-02
1.2E-02
1.3£-02
1.3E-02
1.4E-02
1.5€E-02
1.5€-02
l.6t-02



e

ft x 1076

Altitude

OJ1673
0.1706
0.1739
0.1772
0.1805
0.1837
0.1870
0.1903
0.1936
0.17369
0.2001
0.2034
0.2067
0.2100
0.211%3
0.2165
0.2134
0.2231
0.2264
0.22317
042330
0.2362
0.2395
0.2428
0.2461
026494
0.2526
0e2559
0.295792
0.262>
J.2653
0.2691
0.2723
0.275%
0.2747
0.2322
0.24854
Oe2nY

02320
0.2353
02345
0.3019
Da3051

Temperature
R

Gisder)
Gboer)
4ot .0
40840
45860
46H34)
463 .0
4af.0
4hd .0
4h3 .0
468.0
468.0
46340
4h8.4
4h%.0
Loured
4581
46844
LY 1 Y]
43840
468.0
40840
bGHbe O
46340
4880
463.1
4H6H.0
403,90
46349
46,1
46%.0
468.90
4o8.9
46340
360
G4m0
4hY )
4034
Abte )
455 e
“tic e t)
4don.')
G6h4ay
494840
Ghdels
Lod ol
hotiet)
453 at
4y 3ed
“h hen)
oue )
Gneo)
et ey
téretat)
GF, e )
[N
A5, 5 )
44 ey
4 0% e

+

Afi e

2

Pressure
lbs/in

le12.-9l
leaf_-0t
l.0de-01
Jebeb-02
}.22.-02
deft:-02
H.36L-02
1.277-02
Te391:-02
7.23E-02
Gout—02
6.n5C-02
Hed4tb-02
he35L-02
SeH07-02
ye 40 —~02
>el&co-02
he Ju=02
4.672-02
“Yebhr—-02
4.23L-02
4.637-02
3.84L-02
efaHE—-02
3 dc-02
3.332-02
3.17E-02
3.02-02
2.88:-02
2.74--02
?.61L-02
244 9£-02
2.37¢-02
2+2hc-02
2.16E-02
2e05L-02
L. 16c-02
L8377 =02
La745-02
La?73L-02
l.62-02
le241.-02
1.41L-02
1.40L-07
Le2%.-02
Le?7¢-02
Le21Z-u2
lelhe-92
1.1,0-02
1e72:-02
lagd~0?2
Joble=-03
Fel 2 -3
se 1503
Sadal-0s
fel11.=-03
fo0 =73
le20i.-03
e 4= 3

et =13

slugs/ft3

Density

Latide =08
ledlf-us
1.d4lL-un
la?3r-u5
.65 ~-0Y
1e577-05
Lot -05
ledl2c-05%
1l+3%E~-05
1.297-95%
1.23L-0V5
le17E-05
l.11Z-0Y
1.060-05
1.0l -05%
Ie53c-06

T.lir-06

B.762-06
4.320-06
7.93t-36
T.55L-06
7.20v-06

Ao GHF-06

Ha.H3-06
6e23--06
5e?35-06
5.65C-06
5.372E-06
2.13t:-06
4,89 -6
G.66L-06
b.448-05
44235 -06
4.04F-06
3e45C-06
3.61L-06h
3.43 -6
3.337-)6
3.177-16
3.udL-06
2e8435 =)0
24790 -)6
2.621.-6
2.500 -6
2.3H ~ 56
221 =00
Z.lli =06
2400--794
Le 17 =00
Less -k
lel7=Jo
1.71 -ub
Lesd -9
1.5% -6
1443 —ah

la4l - .0
Lo’ =t
Le?2 -6
172 -0
Fal7. -5

Speed of sound
ft/sec

L1160,
1,50
160,
1odue
160,
1060.
10640,
1U60.
luéu.
lube
Lu60.
Lub0.
lubd.
Lu6ad.
1J60.
1460,
lubu.
1360.
1060.

1lu6bd. -

1360
1160,
1060,
1u60.
Lu60.
1060.
1060.
11160.
1360.
1U606.
1060.
1360.
1040,
166,
1160.
160,
LubU.
1060.
1ubu.
160,
1,40,
1,60,
1960,
L3169,
10604
1,60,
10AU.
1369,
1360
1V60.
1L50.
1,60
1:69.
1950
116
16U,
b,
16
1%

L hde

_%eight

nsity scale
ft x 10

De

V061
RPRN4
V6T
06T
Vel 7
D06/
V061
G.067
00617
G061
O.Ub6T
eN67
(1e0AT
v.g6l
Ue.ubl
Ja6A
Uadbn
06
0.06%
U068
N,06k
U.68
U063
[SINV15Y:}
V064
G.068
O.068%
0.068
0.068
0.N63
Uead6H
060
Ja068
0.06d
V.N6H
De.0on
Vetdbd
L0614
JeUHH
J.008
JaUbB?
U6
a6
11a U679
Jell69
a6
2e06 3
(Gedb?
Je )6
(SRS 7]
(1064
PR LY]
e 624
ein)
Jaelit)
e )t}
Jetts }
Dedh)
Let)b)
Fotstrd

ean free path
ft

X

2.5L-09%
7.6-05
2.3E-05
24 M~05
3.1E-05
3.2€-05
3.4F-05
3.95€-0%
3./€-05
3.IF-05
4.1F-05%
443L-05
4e9L-05
4. {L-05
SeuL-0%
5.2L-05
5e90-05
5.dF-05
b.uFE-0%
6.30-05
6e TF-0Y
7.9€-05
7.3L-05
T./F-05
S8.1E-05
B.5C-05
8.3L~05
9.3E-0%
9.3F-05
l.uF-0n
l.1E~-04
l.1F~04
1.2F-04
1.2F~-04
Le3F-04
l.al-04

1.4F=-04

1.3F-04
1.6t-04
l. 7204
1.75-04
«AE-04
1. 7L-04
2.uL-04
?.10-04
2e/F=00
2435-04
244104
2.67-04
2.7C-04
2e3E-04
2. 1F-04
3.Li-04
3.2F-04
Johe-04
Jatv =04
3.0M-04
3a i -un
4.1r-04
e =04

Viscosity

/ft sec x 10

slugs

Kinemagic viscosity
ft°/sec

1.76E-02
1.8E~-02
1L.9€E-02
2.0E-02
2.1E-02
2.2€~-02
2.3E~-02
2.4E~-02
2.5E-02
2.6E-02
2.8€E-02
2.9E-02
3.0E-02
3.2E-02
3.4E-02
3.5E-02
3.7E-02
3.9E-02
4.1E-02
4.3E-02
4.5€-02
4.TE-02
5.0E-02
5.2E~-02
5.5E-02
S.7E-02
&.0E-02
6.3E-02
6.6E-02
6.9E-02
7.3E~02
7.6E-02
8.0E-02
8.4E-02
8.8E-02
9.3E-02
9.76-02
1.0E-01
1.1E-01
1.1E~-01
1.26-01
1.2E-01
1.3E-01
1.4E-01
L.4E-01
1.56-01
1.6E-01
1.6E-01
1.7e-01
1.86-01
L.9E-0O1
2.0C-01
2.1E-01
2.2E~-01
2.3L~-01
2.4E-01
2.5E~-01
2.6E-01
2.8F-01
2.9F-01
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0-6

ft x 1

Altitude

0.3084
0.3117
O0.31lbu
0.31383
0.3215
0.324¢
0.3231
043609
0a.3937
0.4265
0.4593
0.4921
0.5250
0.5578
05906
0.6234
0.6502
0.6890
0.72138
0.7546
0.7874
0.8202
0.8531
O.88973
0.7187
0.9515
0.7843
1.0171
1.0499
1.0827
1.1155%
l.1483
1.1412
1.2140
1.24648
1.2796
l.3124
1.3452
1.37849
l.4108
l.4436
l.4764
1.5073
l.5421
1.3749
l.6077
16405
1.6733
1.7061
l.733
177117
L3045
Le3374
len?ul
le 1030
1ev354
l. 14 BN
2+ 114
2.0%407
2eif I

Temperature
°R

490 1)
46Y .0
45347)
463.0
40349
L6340
4ode0)
G4h044)
Sub.O
540.0
576.0
Hl2.0
64de0)
65449
725.0
7546.0
732.0
823.0
164.0
3)0.0
136.0
272.06
100840
1044.0
1760.0
1116.0
1152.0
11728.0
1224,9
1260.9
12776.0
1332.0
1340490
léauaau
1440.0
147640
1512.0
loacau
1944.)
162C.9
143040
144272.0
1723.0
175440
1600.)
13356.4)
| N P
Ll
T9a4.0
1.9
20104)
2 e
G e
Fl/nes
217% <
219 .0

1bs/in?

Pressure

DedGl-03
e du -03
Jenoe =723
>.42.-03
bDel7t-03
4.33L-0G3
e 7T0E-03
2e34i-03
L.34.-03
l.l6t=-03
7.29L-04
4eblc—04
2.262-04
L. 37.-04
l.35¢-04
7.4 7L-05
6.3 =056
4.97C~05
3.71L-05
2.40E-05
2.150-035
1.67C-05
1.32c-05
1.05-05
d.442-06
ned45E-06
5.01c-06
4.630-06
2.85F-U6
3.23E-06
2.72E-06
2.317-06
le 17_-06
1.590-06
Le46.-06
le726i-06
1.107-06
Je535-07
se420-07
To42_.-07
HebHoL-07
et -07
Sele =07
4.032-07
GalbL-07
1. 73L-07
3ed0L-07
3au4r =017
e dHI-07
PehUl-07T
2270 =-91
RN A N 4
Ledue-07
I1.74:~07
Lafr,=0d
Vol -7
Pesh =07
Le?n = f
Lol =07
el =-ul

/£t

Density
slugs

l.11' ~-n6
1.06L-06
ledlr =06
Jebh_-010
1.22 -1
3.74L-07
A.3L-27
3424.-07
3.29-°-07
2.0060-07
le30L-27
3421.-98
4.1F7-08
3.05F-ud
1.76L-03
1.273i.-u3
dalb -5
5.07TL-09
4430L-)72
3.100-0U7
2.270-09
leb3l-u3
1.27e-03
F.747-10
7.530L-10
5.390-10
4.65L-10
3.702-10
?+393F-10
2.411-10
1.97:-10
L.62t-10
l.34L-10
l.125-10
Ja38.-11
7.50°-11

2.03L-11
lact4r~11
l.62C-11
lo44ar-11
1.287-11
ladat-11
ledle-11
Yerin-12
Jelnwl-12
Tosit —12
Detle - 12
Bedl. =12
bYetal -1/
Ladl-12
hathy, =12
el -17

Speed of sound
ft/sec

Lubu.
11050,
1o6n.
1140,
1160,
Tusd.
lusbu.
1J60.
1069,
1061,
1060,
1760
1100.
1133,
11756,
1212.
1247,
1231.
1314.
134/,
1377.
1410.
1440.
1470,
149 3.
1327.
1555,
1-83.
1610.
1637.
1663,
1o8de
1/14.
1733,
1764.
17606
1512,
1436,
1459,
1u82.
1705.
1227.
1450.
1,72,
1194,
2ulS5a
2036
2357,
2uln.
2937
2120.
214,
216U,
2140,
2.
271 9.
2254,
270
P

AR AT

t

%eigh

1

ty scale
ft x 107

nsi

De

1el16 4
PRl
0069
Uat)b )
Jelrd
0070
0.070
0.01710
¢.070
UeT71
Vel
G.012
0.00606
DedT7l
0077
U.082
ND.087
0.0G2
Sa')IY
Hel03
Ue.l08
O.114
O.119
Dal25
Uel30
o136
0.142
Nels?
U.153
Ue159
0.165
0.171
Uel77
U.123
D.189
Uel95
0.201
V207
Je2l4
e 220
0.226
0.233
Je 39
Oel4h
Ua2o2
Je259
JelbH
Ne212
O«212
a2 3L
Na293
1o 23
Ge 306
0.313
e 327
V327
Le St

Dae3ba?

PPN

e 350

ean free path
ft

it

4eHE-04
4. /L-04
S.ur-04
5.20-04
950 -04
Ye (L-04
6.L~-04
FeHT-04
1.5F-03
2.4E-03
3.45-03
6.1F-03
1.0F-02
L.6E-02
2.6£-02

3.~
5./C-
He JE-
1e2F-
le6rF—
2.2F=~
3.0F-
3.9F-
542E~-
b.7E-
d.9E-

lolt
lo4E
1.7F
2.1E
2.6E
3.1€
3.7E
4e0t
5ok
6.4F
7.5¢€
8enk
l.0C
1.2F
L+4F
le6F
1.48F
2.1F
2e0F
2.7¢
3.1F
3.5TC
3.7E
4aal
5. UF
5e5F
6.72LC
6o IF
[N
Bebaf
RN
1.0t
1.7
| P

02
02
02
0l
ol
ol
0l
ol
ol
01
ol
ou
(]}
0u
[01V]
[
Oou
(Y]
00
Gu
[}1¢]
Jyu
(V]V]
ol
01
ol
ol
ol
01
Gl
ol
ol
0l
ol
01
ol
01
01
ol
ol
0l
01
(o4
02
e

7

/ft sec x 10

slugs

Viscositvy

3.39

3439
3.39
3.39
3.39
3.68
3.98

ity

Eic viscos

Kinenma

3.0E-
3.2E-
3.4E-
3.5E-
3.7€-
3.9E-
440E-
6.5~

1.0E
l.6E
2+.6E
4.1E
7.5E
1.3€

/sec

ft

oL
oL
ol
01
01
0l
01
01
00
00
(¢1]
00
00
0ol



1076

ft x

Altitude

2.0998
2.132¢6
2.164%5
2.1383
2.2311
22637
2.29617
243295
2.3623
2.3951
2.4273
2.45017
2.4936
2.5264
249532
245920
246243
2.0576
2.6904
2.1232
241560
2.7333
2.8217
2.3545
2.8873
2.9201
29529
2.9857
3.0185
3.0513
3.0841
3.1169
3.1493
3.1826
3.21%4
3.2442
3.2810
3.4450
3.6091
3.7731
3.9372
4.1012
4.2653
4.4293
4.5334
4.7574
4.9215
5.0855
52417k
544136
Y5717
5.7417
5.90538
6.0678
6.233)
643973
6.9520
641260
6a0301
T.0%41

Temperature
R

2232.0
2230
230440
234 1.0
2376.9
2412.0
2434.0
434,00
2520.0
2556.0
25392.0
2623,0
2H0h .U
2753.0
2153640
27172.0
2803.0
244440
23a9.0
2316.0
293249
29:8.90
3024.0
3060.0
307G.0
3132.9
31€8.0
3704.0
3264049
3276.9
3312.0
3348.0
336400
342).0
34u6.0
3492.0
3524.0
378240
3d0d.u
406540
4249,.0
44289
460d.0)
4T753.0
494347
Slabed
532442
S950UH.0
5632.0
58644 )
04209
622%.0
HGuR 0
AH 0 e
HTsed
HIe,.0
71250
11243
7178
[ ST

1. 3721 -04
Y.l =0
tedd_ =13
feuu.—Ud
lealt-UR
e duL—)8
2e53.-08
“ellr—08
9. 74E-03

4.25L-08
4.u2--03
3.30.-08
$eHIL—D8
3.41.-08
5.23.-08
3.77C0-04
2+.91%-08
2.77L-08
2.647-08
2.517-08
Z2+33c—-08
2.28_-138

2.08:-08
l1.99F-08
1.7300-08
le32°-C8
l.75€-08
l.s75-08
LeHld-08
1.547-0b
la4s:--08
le47e-98
Lel%.-08
1.45.-09
Be 34t -9
Telbe=-929
el —u9
ded I

3e75i-09
Jedot—-09
3.03F-09
2.75(-09
Zebll-09
2650:5-09
Z.120-09
1.350-3C7
Lent. . =C
Loy ™ =19
Len/rsisd
et 7o-u9
Lederl-0
ledio-u9
La220 =39

slugs/ft3

Density

$.710.-12
3.39L-12
Jell™-12
Z2etiSu-12
2.025-12
Pe4l2:i-12
2.23°-12
Z.06L-12
L.J0k-12
lL.768-12
l.b3L-12
L.>20-12
1.410-12
lL.3le-12
1.237-12
lolat-12
L.OTL-12
10.901-13
Ve36¥-13
3.740-13
Se24E-13
T.74_-13

7.27C-13.

Hed5F~13
Ge4>36-13
he0BL-13
H.74C-13
5e42F-13
SelstL-13
4.857-13
4.59+7-13
Se350-13
4el3L-13
3.32.-13
3.722-13
3.94+--13
3e37c~-13
2.65+-13
2.117-13
171 -13
t.a0t-13
lLel/l =13
Jel7-14
F.215-14
7T.060-14
H.U3L-14
5.27°-14
4.500-14
4.04L-14
3.57L-14
3.177-14
2044714
7.4l -14
2429.-14%
2. 08-~14
Led=-14
Lel2t-16
te602.-1%
1.2 - 14
1.43L-14

Speed of sound
ft/sec

23l%.
2433,
2301,
231,
2333
2406,
2h24.
24402,
2459,
2al7.
2494 .
291ll.
2?9523,
24945,
2362,
2973,
2596
2012.
2627
2549,
2662.
2678.
2494,
2710.
2126,
2142,
2751.
2173,
2738.
2 30" .
2019
2835
2v5J.
2165,
206dU.
2535,
2ilti.
2483,
3u55.
3124.
3193,
3260.
33725,
3390,
3453,
3s1%9.
PENA
36,
3695,
3753,
3olu.
3uh6.
3121,
374,
4540,
4033,
4136,
4136,
4131,
4134,

ty scale_%eight

i
ft x 10

Dens

Ve 364
Je371
Ged
Jeodh
Ue393
de4a01l
Je4U)
0.410
Ve/24
1et432
Det60
V.447
Ned5Y
D.463
J.471
(SR ¢
0.442
Uet 35
N.504
Q012
N.529
UaH29
04937
0.546
04554
UeH63
0.571
a8 0
0.589
D598
Ve HU6
0.615
Deb2%
Je6b33
0.642
U651
C.660
U707
Se754
U893
J.353
Qe
e 257
1.012
L.045
1.122
le1 79
1.238
| P B!
1.359
1422
1a445
leob0
lLeGLA
le6 34
L7592
l.1422
IR 1i1Y]
Zeh2
PN

Mean free path

[
v

l.nF
1.7k
2.1k
230
2.4F
2.0
249
3.1F
3¢ 3F
J.6F
3.48
4.1C
4e4E

4. 1E

Se4l
S.TF
5.1E
6.5C
6.9E
T.3E
7.8k
8437
8.8F
9. 3F
.80k
L.0C
1.1F
1.2€
1.2E
le3¢
l.nC
1.4F
1.5F
l.7€
244F
24 9F
3.6L
4.3C
S.1F
6.1E
T.1E
B 3E
Je5F
1.1F
.20
leal
1.0
1.8F
2e0E
2427
2440
2.7F
2441
3.1F
3o 3t
3oL

ft

02
ne
0¢
Q¢
0z
02
02
uZ
02
02
02
02
02
0¢
02
02
02
02
02
02
02
02
02
02
Oc¢
0¢
02
02
02
03
03
03
03
03
03
03
a3
03
03
03
03
03
03
03
03
03
03
C4
04
04
O«
04
04
04
04
O4

U4
04
Q4

slugs/ft sec x 107

Viscosity

ity

Eic viscos
/sec

ft

Kinenma

31



32

k.

Altitude

CONO VS WN ~-O

W e e NS NI RO NI RN N N N N e et g et et e bt e e
VNFC LI NCVPOUN=CLENO U PWN~C

Temperature
°K

300.0
29644

292.1
28G.1
285.5
2d1.3
218.2
274.5
270.
267.3
263.6
26049
260.9
26049
260 .0
26049
260.")
260.°)
260.)
26C.a0
26040
260.0
26U
26041
26Uy
240U
2HUau
26U
2% se s
2600
2601
2hla
260
26 Uens

TABLE II

NASA MARS ATMOSFHERE
MODEL 1
(Maximum)

Metric Units

gm/cm3

Density

4.37%-0%
4.48C-05
4.34F-05
4.206-95
4017 =05
3.930-05
3.40E-U5
3.68--U5
3.96L-05
3.43E-05

3.320-~05

3,20C0-05
340057 -15
2.907-145
2.76E=-0U9

2+630-35
2.50°7=0%
2.387-35
226115
2.150-92%9
205 -ub
1.757 =05
1.365-45
Le 777 =035
L.h8°-19
1.00.-05
l.93-N5
loab -5
lo3g--ub
1.32: =%
Le725t =09
Lol9 =06
l.la =55
l.")’i'._';'/

3

oun

[45]

Qg W
c_

c

peed

~
3
Po)

343.
i4l.
334.
336.
334,
337.
33%.
321.
325.
323.
323.
37 3.
373.
3723.
32%.
323.
323%.
325%.
325.
323.
323.
3723.
323.
37 3.
323.
37 3.
3 5.
37 5.
3723.
32 5.
’

v
3l e

573,

ghi

K
e

zle ne

1
Py

Jensity cc

-

Y.ean free path

1.8 0y
1.8E-04
1.8E-04
1.9C-04
1.9F-04
2.0E-04
?2.1E-04
2.1E-04
2.20-04
2+ 3E-0%
2.40-04
2.5£-~04
2.6E£-04
2.1E-04
2.9E~04
3.UF~04
3.2E~04
3.3E~04
3.9E~-04
3.7€~04
3.40~04
4.00~-04
4.2E~04
4.5F~04
47004
44 iL-04
5.2F-04
5e4b-04
9. b-04
AaUE=0O%
6Ha.3L-04
6.60-04
6o 3t—04
T.3L-04

5

ity
kg/m sec x 10

Viscos

1.88
1.85
1.83
1.80
1.77
1.75
1.72
1.70
1.67
1.65.
1.62
l1.62
l1.62
1.62
L.62
1.62
l1.62
1.62
1.62
l.62
t.62
1.62
1.62
1.62
1.62
1.62
l.62
1.562
1.62
.62
1.62
1.6/
1.67



lan,

Altitude

Temp;arature
K

2600
260.v
26Ue1)
260.0
26U.°)
26Uy
26049
260.0
26040
260.9
26040
26Ueu
260,
260.0
260.)
260.0
260.0
260.79
26U
260.4
263.0
26040
260.0
260.0
260.0
26044
26040
2600
260.u
260.0
260.0
260.0
260.0
260.0
260.0
260.U
2060473
260, )
260.0
26C.0
26040
260D
260.9
2604
260.0
260.0
260.0
260.0
26044
260,49
26040
260.u
260.0
26040
260.9
26040
2604 3
2604)
260.)
2430

Pressure

T.73:
{e36r
Ta91f
GabT=
2350
Gedhe
2. 76
5a430
9.23€E
4 o985
4oT05
4.520
4 .30k
4,107
3.90L
3J.72C
3.54¢L
3.37%
1.21F
3eU6E
2.92¢
2.78¢
246957
2.52E
2.401
24 29F
7.l8L
2.048L
l.78c
lLaa'd:
1.80F
1.72F
l.64
L.567
le4l
lo4a20
L ¢35t
1.297
1.23¢
lel7c
Talle
Leu6bz
1.0l
JebH5E
74200

[81¢]
J0)
o)
Ju
00
Qo
IJ
0o
20
uo
J0
00
V]¢]
Jo
00
[8]¥]
90
20
00
J0
20

A
y

uo
~01
-01

4777 -01

3.37F
7.9dc
1.602

-0l
-Jl
-0l

1.257-01

Aedli
DeH I
Sed It

-0
=01
-01

He)0 =01

5.727
P T
5620
e in”
el ¥

-0l
-01
~01
-ul
=71

Aeals -0l

Y 3

5
&

Densit

L.N3E-0S
1.405-06
Ye 36706
LeBYT-U6
deuTL-ub
d.067-06
7.68--06
7.31F-06
H4.36£-06
6.637-06
6.32E-06
6.02E-06
5.73E-C6
T« H6L-06
5.20%-06
4435700
4.72L-00
4.507-06
4.280-06
4 UBE-U6
3.39-2-06
3.707~-06
3.53--06
3.36F-06
3.20L-06
3.05C-06
2.910-06
2.1TE-06
2.64E-06
2.92F-06
2.40F-06
2.29E-06
2.186-06
2.085-06
l.78£-06
e HIE-0G6
1l.40L-06
l.71-06
1.63L-V6
1.56F-06
L.43_-06
l.427-06
1.35C-06
1.29k-0U6
L.?23_-U6
1ol 78-06
1.11E-06
1.J6E-06
1.V1I-06
F.4660-07
9.21C-07
8. T8L-UT
8.337-07
PR ELENY
T.926-uT7
T.726L-01
He d3n-07
GeHlT-07
e 3GL-07
Ao dlr-ut

n/sec

Speed of sound
Density scale height

323.
323.
323.
323.
123.
323.
323.
324.
323.
323.
323.
323.
323.
323.
323.
323.
323.
323.
323.
323.
323.
323.
323.
323.
323.
323.
323.
323.
323.
323.
323.
323.
323.
123,
322.
323,
323.
323.
325.
323.
323.
323.
323%.
323.
323.
324%.
323%.
323.
323.
323.
323.
323.
323.
323.
323.
323.
323.
37 3.
3723,
323.

km

2044
204
20"
204
20.5
20.5
20.5
205
20.5
20.5
2045
2045
2040
20.6
20.6
20.6
20.6
20.6
20.5
20.6
20.6
2G.7
20.7
20.7
20.7
20.17
20.1
20.7
20.17
20.8
20.8
20.8
20.8
20.8
20.48
20.8
20.48
20.)
20.7
20.9
20479
20.9
20.4
2.7
?0.)
209

"21.0

21.0
21.0
21.0
21.0
21.0
21.0
?21.0
71.1
Zlel
2.1
2l.1
21.1
1.1

Mean free path

7.7E-04
8.0E-04
B.4E-04
9.3E-04
e 3E-04
F.8E-04%
1.0E-03
1.1€-03
1.1£-03
1.26-03
1.20-03
L.3E~-03
l.4F~03
1.4€-03
1.5€-03
1.6E-03
1.7€-03
1.8E-03
1.80-03
1.9E-03
2.0E-03
2.1F-03
2.,2€-03
2.3E-03
?2.5F-03
2.0E-03
2.7E-03
2.8E-03
3.0€E-03
3.1E-03
3.3E-03
3.4E-03
3.6E-03
3.8F~03
4. UE-0Q3
4.26-03
4.40-03
4.6E~-03
4.8E-03
5.1E-03
5.3E-03
5.6F-03
5.8E-03
6.1£-03
6.4£-03
6.76-03
7.18-03
7T.4E-03
7.85-03
8.2C€-03
8.6E-03
9.UE-03
Je4F~03
9.E-03
l.0E~02
lalE-02
1.1€-02
1.2€~02
1.30-02
Le3L-02

5

ty
ka/m sec x 10

iscosi

v

33



3k

Altitude

94
9>
9o

93
99
100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
26U
270
280
290
300
310
320
330
340
350
360
370
380
390
400
410
420
430
440
450
460
470
480
490
500
510
520
530
540
550
5690
5790
589
590
601
610
629
630

km.

Temperature
K

©

26047
2600
26049
26049
26J.U
26U0.0)
2609
260.9
26V.0
260.0
2560.0
260.0
280.9
300.0
320.9
340.0
360e)
330.0
400.0
+2U.U
440.0
460.0
48040
500.0
520.9
540.0
560.0
580.0
600.0
620.0
64040
660.1}
680,
100.0
120.0
740.0
760.J
780.0
400.0
520.0
340.9
360.C
8040
300.0
92040
EL¢RS)]
V60 .0
9800
1000.0
1020.0
1040.2
1060.u
1380«
1100.
1120.0
114040
116061
11sue’
12006 .40
127040

Pressure

4e3J.-01
4e10.-01
3edlr=Ul
3e73.0-01
$.5601=-01
30 -001
$.24.-01
2.03.-01
1.278-01
1.972-02
5.02E-02
3.17:2-02
?.040-02
1.362-02
1.30:-03
5.53E-03
4.681-03
3.435-02
2+55:-03
1.323:-03
1e48c-7

1.157-03
7.0 -04
1.232-04
S.32F-04
4.72°-04
3ebTb-04
3.17L-04
2.655-04
2.225-04
137604
1.59.-04
1.367-04
1.161-04
1.000-04
346915
7.267-95
He610-05
5.L0E:-05
S5.117-0%
4432i1-05
GeupliE=0U5
3.57L-05
34197005
2.36"-0U5
?.57C-05
2432.-05
2.09c-U5
1.70£-05
1.72E-u5
L.57L~05
1e43.-10»
1.312-15
1.20F-05
1.10c-75
1.J17°-05
}e32-06
GebizT=ub
fe YA =0k
{o377 =020

N
ity

Densit

BeT73%~3517
De4Tv-07
5.21C-97
4. )Te-07
4o 76" -07
4e935-07
4432607
2.70.-07
le63.-017
1.06°.-07
6.69E-08
4.230-08
2.537-08
1.57%-048
1.01lc-08
6.657-09
4.515-09
3.12°-09
2.21F-09
l.59L~uY
1.172-11
8.69E~-10
L.56£-10
5.01C-10
3.u87-10
3.03E-10
2.39E-10
l.915-10
1.53.~-10
1.24E-1C
l.0le-10
8.34E-11
6heI1T-11
2.76E-11
4.83E-11
4.07TF-11
3.45F-11
2.94F-11
245le~11
2.160-11
1.96-11
l.62C-11
l.41FE-11
1.232-11
1.04%-11
1447012
8.36E-12
T.407-12
6.510-12
5.455-12
Ye22F-12
4.675-12
4.190-12
3o 170-12
3.40e-12
3.000-12
2.73.-12
2e53F =12
2e30c-12
2.09.-12

'C

n/s
Jensity scale height

Speed of sound

km

21.1
’lel
21.2
21.7
21.2
21.27
21.2
21.3
21.4
21.6
2l.7
21.8
20.2
21.8
23.3
24.3
2645
28.1
29.7
31.4
33.90
34.7
36.3
38.0
337
41.5
43.2
44.7
46.7
48.5
50.3
52.1
53.)
55.7
57.6
5.4
6.3
6342
65.1
67.1
63.0
70.7
72.9
74.9
1649
787
8MNe)
83.0
85.0
#7.1
89.¢
Iles
334
G55
91/
9.4
1072.0
104.2
106.4
108.6

Mean free path

cr

l.4F-02
l.4E-0?
1.5£-02
l.6E-02
1.76-02
1.76-02
1.8E-02
2.9€-02
4.7E-02
T.4E-02
1.2€E-01
l.9C-01
3.1E-01

5.0E

-01

T.8BE-01

1.2F
1.7E
2.5E
3.6E
449F
6.8E
9.1€
1.2E
1.6E
2.0
2.6E
3.3E
4.1E
5.1C
643E
T.8E
F.5F
l.1E
1.4t
l.6F
1.9E
24 3F
2.7E
3.1E
3.7E
4.lE
4.9k
5.0
64t
7.3F
&.3E
9.4E
1.1E
1.2E
1.3E
1.5L
l1.7¢
l.9F
2.1E
2.3F
2.6E
7?.48C
3.1E
3.4E
3.8F

00
00
[O]V]
00
00
00
00
0l
ol
ol
01
(o3}
ol
o1
01
ot
o1
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
03
03
03
03
03
03
03
03
03
03
03
03
03

5

ity
kg/m sec x 10

Viscos

l1.62
1.62
1.62
1.62
1.62
1.62
1.62
1.62
1.62
1.62
1.62
1.62
1.76
1.91



Altitude

64U

660
67
680
63y
700
710
720
730
740
752
760
770
780
190
800
310
82v
330
340
850
860
370
380
890
300
910
92v
332
149
95,
60
370
I8
99)
100u
1050
1100
1155
1204
1250
1360
135
140y
1450
1500
1559
150U
1650
L7Qu
1759
130u
135",
190u

I,

Tempfrature
K

trac.
1260 e
1-
13g. 2
13200
Liavad
1360.u
1340..
130Cae J
[42C.)
ta4ae
lanu.
1430C.0
1500 en
Ea20.n
154G
136G
15050 o0
16500 0
Ly20e,
Laatie s
1560,
1520
179C.
17260
L7407
176C.0
174060
1300.0
13251
1~40.y
136042
1oduaey
1iou.
19246
1)aey
Linl .
230 540
2lGGer,
2200
23501
2467041
296 a0
2hHED . .
2TH0 e s
22h040

216bued

3nUe
3lee
324045
350U
206w s
356 ). .
36654
386 143

) e e e
+
-

F S il N Al (PR,

Density
/e’

| G S g
L.7%-17
L.t 2_.-12
lon77-12
Lesnm-12
Lo200-12
Lelbe—12
Lever =12
J.79L-13
J.UTF-13
d.4)--13
7.31°-13
7.77.-13
HoTTL-13
Ga3l7-13
Yert) -13
Je 30T =113
HYelbr-13
4e32. -13
4.527-13
4a240-13
3.98r-13
5.74.-13
3en2.-13
J.327=13
3.130-13
e 35712
2.79.-13
2ebt=-13
2.500v-13
2e 36713
J.247-13
2e137-13
2e25-13
Les27~13
Les2_.-13
Laf37-13%
l.36--13
l.2)-13
venlt-l4a
.23 -14
Lo 1N -1N
veU3dL-la
4.767-1%
33T 14
3.13 -14
doll =1la
23l -1n
Zedoo= L4
Letac-1%
Lot 3 =14
loae "= 1%
1esle —1a
Lol 1%
Lo 7T - 14

eed of sound

3

m/sec

Density scale height

p

Tuse
1L
Tii.
727,
{26,
734.
734
Thau.
150
7535
760.
TH5.
fi1.
TiG.
Tul.
{6 .
{7t
76,
“ol.e
f)n.e
8ll.
ilhe.
221,
H26.
431,
436,
vh)e
¥4l.
Y54
3%,
R I RN
Hh4 .,
649,
1{3.
47 .
U,
Sl
37
13l
197 .
iTs.
FARLONS

{Jl4.
1335,
122
Lo7t.
).
1105
1129,
Il4a.
tlnl.
17 .
1L ).
1217
tesr .

km

[1hae
11s.1
115,53
1.0
1.y
122.2
12%40
1264
L2 1.7
131.46
13444
L36.4
139,43
141.2
1a3./
146.1
laM.sH
150.1t
193.6
15641
198,46
161.2
i63.¢
165.3
163, )
L71.5
174.2
17h .0
17).4
187414
1da ..
187.5
| P
Li2.
1357
131.9
201.2
215.3
22941
26410
2531
27%.64
2916
30144
32447
341. 4
359 .0
38143
39944
Alaas
4345.3
452,17
41240
40727
N3 SLI

¥ean free path

4.LF
el
4403t
S ehF
5 el
He3F
LY
7T.4F
Balf
9. 70
Vasl
1.0f
l.lt
o2t
L.3€
1.3F
1.4t
1.5¢
l.6F
L./1
l.JE
2.UF
2.1F
2.2C
2.4F
245€
247C
2.06E
3.ut
1.2€
3.3€E
3.5k
RS
3. 4C
4all
te 3F
habb
9«dF
T.<¢E
J.9E
l.1E
l.3L
leol
1. ,F
2.2L
2e5F
2.49F
3.3F
PR -1
e 30
4.0E
Haat
6 oI E
b dl
Toal

cm

04

04

04

5

Y
msec x 10

kg/

Viscosit



36

ft x 10"6

Altitude

8.858%3
0.0066
0.0098
0.0131
0.0164
0.0197
0.0230
0.0262
0.0295
0.0328
0.0361
0.0394
0.0427
0.0459
0.0492
0.0525
0.0558
0.0591
0.0623
0.0656
0.0689
0.0722
0.0755
0.0787
0.0820
0.0853
0.0386
0.0919
0.0951
0.0984
0.1017
0.1050
0.1083

450 Q
443.0

436.0
423.0
422.0
415.0
408.0
40t.0
394.0
337.0
340.0
373.0
366.0
359.0
352.0
345.0
338.0
331.0
324.0
324.0
324.0
324.9
324.9
324.0
324.0
324.0
324.0
324.0
374.0
324.0
324.0
326.0
324.0
324.0

Temperature
R

2459€£-01
2.44-01
2.30c-01
2.16e-01
7.03E-01
1.90i-01
1.73e-01
l.67€-01
1.56E-01
1.46£-01
la36£-01
1.276-01
t.18E~-01
1.09C-01
1.02c-01
J.44l-02
8. 7T7E-02
BelS5c—-02
1.57E-02
7.06E~02
&a542-02
6.085-02
5.650-02
5.250-02
4+A3F-02
4.53-02
4.71:-02
3.220-02

TABLE III

NASA MARS ATMOSPHERE

MODEL 2
{Mean)

English Units

gs/ 62

Density
slu

5.47£-05
5.24t-05
5.02C-05
4.81E-05
4.60€-05
4.40L-05
4,205-05
4.,01£-05
3.820-05
3.64E-05
3.462-05
3.29E-05
3.13E-05
2.91L-05%
2.70E-05
2.51f-05
?.33E-35
?.17E-0S
2.01F-35
1.476-05
l.741:-05
1.61C-05
1.50.-05
1.397-05
1.30e-05
1.20E-0>
1.12¢-05
1.04%-0%

£ sound

ft/sec

Speed o

102}
1019.

1011.
1003.
795.
987«
978,
270
961.
353.
F44.
335.
F26.
J1d.
409.
900.
890.
38l
372«
372«
312,
BT2e
572
612
372
872,
612
nT12.
G712
1?2,
377
312
372
ol?.

_%gight

Dansity scale
ft x 10

Q.086
0.085%

0.084
0.082
0,081
0.080
V.07
G.017
0.076
0.07%
Q.073
V072
0.071
0.070
0.068
0.067
0.0606
0.064
D.ub3
04045
U.065
UG.04%
Ua0b5
U.45
[UR RS
0.04%
U.045
V.0645
0,065
3,045
e 045
U.045
Lellth
UeUb

ean free path
ft

J

7.4E-0
7.7E-06
B.0E-06
8.3E-06
8.7C-06
9.0E-06
JeaE-06
9.8L-06
1.0F-05
1.1E-05
lL.1E-05
1.2E-05
1.2F-05
1.3F-0%
1.3€E-05
1.4E-05
1.5E-05
1.6E-05
l.6E~-05
1.80-05
1.7£-05
2.0E-05
2.2¢£-05
2.4E-09
2.6F-05
2.7C~05
3.0E-05
3.2E-0%
3.4E-05
3. /E-0S
4,JE-05
4437-05
4.6%-05
4. 7E-0U5

67

/ft sec x 1

scosity
ugs

i

v

3.1%
3.14
3.09
3.04
2.99
2094
2.89
2.84
2.79
2.74
2.69
2+64
2.59
2.55
2.50
2.45
2440
2.36
2.31
2.31
2.31
2.31
2.31
2.31
2.31
2.31
2.31
2.31
2.31
2031
2.31
2.31
2.31
2.31

sl

scosity

510 vi
ft</sec

Kinena

4, w€-03
4.7€-03
4.8E-03
4.9E-03
5.0E-03
5.2E-03
5.3E-03
5.4E-03
5.6E-03
5.7€-03
5.9€-03
6.0E-03
6.2E-03
6.4E-03
6.5€-03
6.TE-03
7.0E-03
7.2E-03
7.4E-03
8.0E-03
8.6E-03
9.2€-03
9.9€-03
1.1€-02
1.26-02

1.2€E-02

1.3E-02

‘Te4E~02

1.5€6-02
1.76~02
1.86-02
1.9E-02
2.1E-02
2.2€E-02



6

ft x 107

Altitude

0.1116
0.1148
0.1181

0.1214
0.1247
0.1280
0.1312
0.1345
0.1378
0.1411

O.1444
0.1476
0.1509
0.1542

0.1575
0.1608
0.1640
0.1673
0.1706
0.1739
0.1172
0.1405
0.1837
0.1870
0.1903
0.1936
0.1969
042001
0.2036
0.2067
0.2100
0.2133
0.2165
0.2198
0.2231
0.2264
0.2297
0.2330
0.2362
0.2335
0.2423
0.2461
0.2494
0.2526
0.2553
0.25732
0.2625
0.2658
0.2690
0.2723
0.2756
0.2789
0.2822
0.2854
0.2387
0.2320
0.2953
0.2986
0.3019
0.3251

Temperature
R

324.0
324.0
324.0
32440
324.0
324.0
324.0
324.90
324.9
324.0
324.0
324.0
324.0
324.0
324.0
324.0
324.0
324.0
324.0
374.0
324.0
324.0
324.0
324.0
324.0
324.0
32449
324.0
324.0
324.0
324.0
324.0
324.0
324.0
324.0
324.0
324.0
324.0
324.0
324.90
324.0
324.0
324.0
324.0
324.0
324.0
324.0
324.0
324.0
324.0
3¢4.0
324.0
324.0
324.0
324.0
324.0
324.0
324.0
32440
324.)

1bs/in?

Pressure

Jebhac=02
3e33L-N2
5.150-02
Z2ed3L-02
2.726-02
Z2+531.-02
2e35L-02
2.19.-02
2403502
l.89E~02
1.76£-02
L.64L-02
1.52.-02
l1.42¢-02
t.32L-02
1.220-02
l.14C-02
1.06L-02
Je6-03
J.17L-03
£.53£-03
7.34E-03
/«37£-03
6.3TL-03
6.40L-03
S5«9%E—-03
5.54£-03
Y.16£-03
4.40E-03
4.47E-03
4.168-03
3.972-03
3.60c-03
3.350-03
3.12:-03
2.910-03
2.71L-03
2.52e-03
2.35.-03
2.18.-03
2.037-03
1.39.-03
L.76L-03
1.64.-03
1a53L-03
le42c~03
le33.-03
L.24.-03
1e15£-03
l+)7e-93
e 9N:—04
e 3GE=-04
3.67E-04
Fe.0H8E-04
Te32c-U4
7.917~04
933°-04
e 37E-04
Seh6 104
me23u-N4

s/ £t

Density
slug

JabtF =06
i« 0NL-06
1e36E-06
7.732-06
1.23°-06
He 128 -06
6.25E-16
5.81lc-06
Ye4l7-06
5.03F-06
4e6TE-06
4.350-06
4.040-06
3.76L-06
3.50L-06
3.25.-06
3.037-06
2.422-06
2.62€-06
2.44L-06
2.27C-06
2.11€£-06
t.76c-06
L.83.-06
1.70E-06
1.58E-06
1.47L-06
1.37£-06
1.28E-06
Lel9E-06
1.19€-06
1.03C-06
V.07E€-07
Yetle~-07
Be30l~-07
7.72L-07
7.19E-07
HaIL=0T
ha237-0T
S5.30t -7
5.40F-07
5.U3E-07
44695-01
4.36F-07
4.060-07
3.79€-07
3.530-07
3.282-9017
3.06L-07
2ed450=01
2.65r-07
2.477-21
2.30E-0T7
715F-07
?2..00-07
1.86L-07
1.74:-07
t.62L-07
l.51" ~-07
Leaff =07

.
L

Soeed of sound
t/sec

372
al2.
572
ul2e
6l2.
L72.
377
872,
872,
872
372
372.
2.
572
372.
8712
812,

372
372,
dr2.
372.
812,
872.
872.
872
372.
372.
372
372
872.
5712,
vl2.
372,
877.
872
0l2
372.
372
dl2.
672.
372
872.
372
372,
372
372«
372,
812
d72.
872,
372
$72.
372.
o577
872
372
172
AT17.
sl

_;lgeight

nsity scale
ft x 10

Je 045
Jatit’>
JeUb5
U.04%
Ve84
0.045
0,045
C.045
0.045
94045
1.045
Net45
(.065
G045
0e1)%5
Ce)bS
U.045
U045
De0&H
Jedb%H
J.045
0.040
0.046
U040
0.046
0.040
0.046
Ja4b
0.0456
V.046
L0086
D046
UVe06445
Ve 046
U.046
0.046
U046
0.046
Gelih
Y0486
NedbH
0.04%
V.46
U040
U046
dautl
D046
0046
GeU0H
0.046
Oallbh
Uellbt
[T L3
a4
0045
[SIRVIUY
C.0)ah
Heth
G.040
Dt

ean free path
ft

b

5.3L-05
5e1F-05
6o lE-05
habL-05
7.10-0Y
7.6E-05
B.2F-05
8.40-05
9.5F-0%
1.0E-04
l.1t-04
1.2F-04
l.3€-04
1.4E-04
1.50-04
l.6F~04
L.7F~04
lL.4E-04
2.0t-0%
2.1C-04
2.3E-04
2+4E-04
2.6L-04
2.8C-04
3.0E-04
3.26-04
3.5L-04
3.86-04
4,0E-04
4.3E-04
4be IT-04
S5.uE-04
Se.4F-04
S.tk-04
6.20-04
6. IF-04
T.2F-04
T.7L-04
B8.2E-04
8. 1C-04
7.5E-04
1.06-03
1.17-03
1.2F-03
1.35-03
l.4t-03
1.5F-03
1.6F-03
l.7E-03
ledt-03
1.76£-03
2.1K~03
2.2¢-03
2.4L-03
2.6F-03
2.85-03
J.uE~03
3.20-03
3.47-03
3.7£-03

2431
2.31
2.31
2.31
2.31
2.31
2.31
2431
2.31
2.31
2.31
2.31
2.31
2.31
2.31
2.31
2.31
2.31
2.31
2.31
2431
2.31
2.31
2431
2.31
2.31
2.31
2.31
2.31
2.31
2431
2.31
2.31
2.31
2.31
2.31
2.31
2.31
2.31
2431
2.31
2.31
2.31
2.31
2.31
2.31
2.31
2.31
2.31
2.31
Ze31
2.31
2.31
2.31
2.31
2.31
2.31
2.31
2.31
2.31

7 .

ity
slugs/ft sec x 10

Viscos

2.4E-
2.6E-
248E-
3.0E-
3.2E~
3.4E-
3.7E-
4.0E~
443E-
4.6E-
5.00-
5.3€E~
S.TE-
6.2E~
6.6E-
7.1E-
T.TE-
8.2E-
6.8E-
9.5E-
1.0E-
l.1E-
l.2E-
l.3E-
1.4E-
1.5€~
l.6E-
1.7€E-
1.8E-
2.0k~
241E-
2.3E~
2.4E~
2.6E~
2.8E-
3.0E-
3.2E~
3.5€E~
3.7E-
4.0E-
4.3E-
4.6E-
4.9E~-
5.3E~
S.7E~
6.1E-
646E-
7.1€-
T.6E-
8.1E-
8.7E-
9.4E~

1.0€&
1.1E
1.2€E
1.2E
1.3E
1.4E
1.5E
1.6F

¢ viscosit:

i

ftE/ sec

Kinema

y

02
02
02
02
02
02
02
02
02
02
02
02
02
o2
02
02
02
02
02
02
o1
0ol
0l
ol
o1
01
ol
(DY
01
o1
ol
ol
01
0l
0l
ol
01
ol
(62}
0ol
ol
ol
(63
01
01
cl
01
01
ol
0ol
ol
01
00
00
00
00
00
00
00
00

37



38

ft x 10'6

Altitude

0.3034
0.3117
0e3150
0.3183
Q0.3215
0.3248
0.3281
0.3609

043937

0.4265
0.4593
0.4921
0.5250
Q.55743
0.5706
0.5234
0.6562
Q.6490
0./218
0.7546
0.7374
0.8202
0.4531
0.8859
0.7187
0.9515

0.9843

1.C171
1.0499
1.0827
1.1155%
l.144d3
l1.18L2
l.2140
1.2468
1.2776
1.3124
1.3452
1.37a2)
1.4104
le4436
lL.4754
1.5093
1.5421
1.5749
1.A077
1.6405
1.6733
1.7061
1.7389
1.7717
l1.8045
l.8374
1.4702
1.9030
1.9354
1.7686
2.0,014
2.0342
2.0675

Temperature
R

32409
32449
324.0
32440
32440
32449
32449
324.0
32440
324 .¢
3240
324.0
3.0
316.0
432.9
45660
50440
5410
57642
6l2.0
643.9
682440
729.0
756.0
712.0
H28.0
864.0
900.0
936.0
972.0
1908.0
1044.0
1040.0
1116.0
1152.9
1153.0
1224.0
126940
12364
1352.0
1353.0
14u%.u
144 ).9
1476.0
1512.0
154R.0
1544.0
L6040
1636.0
LEI2 .0
1772440
17,4.0
1#13.0
183¢6.0
1272.9
1.9
17440
1947047
7016
@ RYELY;

1bs/in?

Pressure

“e d3c—U4
a3 de—d4
4e2bo— 4
3o 304
S 12004
3.460-N6
5.230-04
L.60r-04
7.37E-05
4.30.-0%
249105
1.01F-05
Se31lc=06
2. 17e-06
le755-06
l.udL=06
6 35F-07
4ebHlo-07
3.142-07
2.205-07
le37e-07
Lel5.-07
d.54(-08
De445-08
4e24e~08
3.43L-08
5.010.-08
2.39€-03
led2L-04
1.56c-08
1.272-28
1.05E£-08
“ebIE-09
7.27c-09
to120-039
5415009
ol —-07
3e753.-29
3.260-09
2432009
2e45e=07
2e142-09
1.37°-09
1e0652-07
le4te—09
142309
1o152-139
le02F=-03
Fe16L-10
“4e23c-10
fe4l.—10
SebakE=-10
4.05-10
Ye4) =10
4.)0.-10G
4eDBHL=1u
4.15L-10
Jealy 10
a4 )7 =190
[l N )

s/f‘t.3

Density
slug

lo3lL-27
1.224-237
.14 -07
l.0bL-0T
o3BT -JY
J.21L-uUB
8.530-08
4.26L-08
2.125-08
1.064~08
Se34_-07
2.67E-09
1.270-09
&.46L-10
3.50°-10
L.79L-10
1.19£-10
7.350-11
4.70.-11
3J.10F-11
2e09t-11
l.45t-11
Leu2r-11
T.340-12
5.376-12
3.98L-12
3.00:-12
2.296-12
l.77e-12
1.38r-12
1.020-12
Jab4b-13
He33L-13
5.61.-13
4.570-13
J.76C-13
3olle~13
2.98.~13
2.165-13
1.82¢F~13
loo4t-13
1.31c~13
l.12F~13
Jetlt-14
1291 -14
7T.18L~-14
H2460-14
D.44L-14
haT6E-14
4.197-14
J.69C-14
3.26F-14
2.ulL-14
2evl -14
2.30°.-14
Zetvt =14
ledbc-1%
.65 ~-14
l.a . -14
la347"-14

und
t/sec

Speed of so

scalejgeight

ity
ft x 10

nsl

De

Gefal
Le47
De )bl
uv.al
el
Celit?
Vel
Ce0BT
U.067
VaU63
Jeti&l
0.043
G045
V051
(af)S0
[V DL
0.056
Baudl
O.0le
0.0l
JeUsb
U.id32
Qa7
0. 102
0.107
tetl3
Collo
O.124
0.129
0.135
O.161
0146
0152
0.1%3
V.164
Del7D
0175
UelHBl
V.197
Ueld3
)a219
Ue20Uh
He217
.21
Cadlb
U.231
0.237
Uelh
250
Ue25¢
De?263
Ce210)
Q217
(}e283
1299
G227
Je 304
fe3ll
el
Je 325

an free path
It

e

}

3eJb—

03

4e/t-03

GeHL -
4e 1F~
Selt-
Setf~
6.ul-

03
03
03
03
03

1.25-02

2.4E-
480~

07
02

Febi~02

10—
4eUE-
Beul-

1.5¢€
2.6F
437
T.0%
l.lF
t.7C
2.45L0
3.6°
5.G%
7.0E
FebL
1.3C
1.7L
2.72F
2.3F
3.7%
4o (F
6.0E
T.4F
F.2r
l.1F
VosE
L. 7F
2.0
?e4F
2.6F
3.3F
3.0
4e0F
S5e3F
6e2i
felf
8.2E
Fe4F
l.1¢
1.2F
[.4c
leot
Lt
20"
2.20
2.0t
2.l
o ll
350
3o 3t

ol
0l
ol
(§]0]
ou
(o]
ou
ol
[¢D
ol
0l
02
ol
0l
02
02
02
02
02
0¢
0¢
02
0¢

3
2

Q3
03
03
03
03
03
03
03
03
03
Q3
03
03
04
Q4
04
o4
04
Qa
04
04

Q4
Q4
0

slugs/ft sec x 107

scosity

.
1
-

v

2.31
2431
2.31
2.31
2.31
2.31
2.31
2.31
2431
2.31
2.31
2.31
2.55
2.80
3.06
3.34
3.62
3493

viscosity

.

na
ftE

Kine

l.8E
1.9E
2.UE
2.2E
2.+3E
2.5E
2.1E
S.4E
l.1E
2.2E
4. 3E
8.+ 6E
2.0E
4.3E
8.8E
L.7€
3.1€
5.3E

ic
/sec

0o
00
00
00
00
00
00
00
01
01
o1
01
02
02
02
03
03
03



I,

Altitude

LN NHWN=O

Temperature
K

]

130..

mb

Pressure

2.50F
2.370L

2.2460
24127
2.00C
Leg L
l.73%
1 oAHF
1.53°
lat s
l.400
l.31"
1.23¢
Lalse
1.087
L.00-
Je3T0L
fa.72C
4ellC
7.54F
7.00k
HeS0L
54047
95.62
Be220
44850
“.51

4ol 3l
3acidh
502

3¢ 36"
Jel2lL
VSN
2ol

TABLE III

NASA MARS ATMOSPHERE
MODEL 2

(Mean)

Metric Units

3.05F-uS
2.935-05
Ze8l%-03
2.707-05
2+.58L-05
2.47L-05
2.375-05
?2.265-05
2.16C-Ub
2.067-05
1377 -Ub
1.375-0%
1.78+-05
1.70L-05
leb617-U>
1.50r-05
1.396E-0%
1.29 =05
1.207-u%
Lellii-uy
1.94L=-0%
1e6H2 =006
nedb -06
nedlL-us
1.72L-ub
fe18.-36
et Tt =16
He2UiL~Uk
Y lb6L=Ub
2. 36 —UhH

d of sound
m/sec

Spee

314,
311.

308.
306.
303.
3G1L.
234
29
233.
27
2845,
235.
237.
280
271,
274.
271.
269,
26h.
266.
266,
266.
26%.
2660
266,
2h6.
26h.
250,
L‘ ‘J’).
20Gh.
ke
205
265,
260

Density scale height

2. 3
25.7
25.5
25.1
2441
2443
23.7
?23.6
23.2
2243
22 .4
220
21.6
21.2
20 .7
2044
27.)
17.6
14.2
l3.0
13.5
13.5
13.6
13.06
13.0
13.6
13.06
13.A
1347
13.7
13.7
13.7
1347
13.7

Mean free path

2.2 04
2.3E-04
2.4L-04
2.5E-04
2.6€E-04
2.85-04
2.9E-04
3.0E-0%
3.1E-04
3.3F-06
3.4E-04
3.6E-04
3.7E-04
3.96-06
4.1E-04
4.3E-04
4.2E-04
4 UF-04
5.0E-04
S+4F-0U4
He.uE~-04
6.20-04
6. 75-04
T.2E-04
7.36-04
B8.40-04
V.0L-06
e TL~-0%
l.ut-03
L.1F-03
1.2F-03
1.3E-03
1l.4F-03
1.%7-03

5

Y
m se¢c x 10

ke/

Viscosit

1,84
l1.51
l.48
l1.46
le43
.41
l1.38
1.36
1.33
1.31
1.293
1.26
1.24
1.22
1.20
L./
l.15
1.13
l.11
1.11
1.11
1.11
l1.11
1.11
Loll
l1.11
1.11
l.11
1.11
l.11
1.11
l.11
l.11
1.11

39



Tempfrature
K

180.9
18U.U
180.9
180.J
1800
180.0
180.0
180.vu
180.0
180.9
180.9
180.0
18C.0
180.0
180.9
18640
180.0
180.v
180.0
180.9
180.0
180.0
180.0
180.¢
180.0
180.0
180.0
180.9
180.0
180.9
180.0
180.0
189.0
18V0.9
180.9
180.0
180.0
180.90
180.0
186.0
180.2
18040
180.0
1R0.3
180.0
180G.0
180.0
120.0
180.0
187..
180.C
180.0
1830
18d.%
130.0
140eu
1du.”)
1307
180.7
18J.0

Pressure

Z2enl= 00
24337 00
2ol 00
24025 D0
1.377 00
Le74% 0O
l.62. 00
L.51F OV
1.40r 00
1.30E 00
l.2ic 00
l.132 0O
1.05F 00
3475E£-061
).075-01
He44b-01
Ta856£-01
7.30e-01
oel3t-01
De325-01
9.88L-01
9 «47E-01
5409F-01
4.747-01
4.412-91
4410£-01
3.82c-01
3.55-01
3.312-01
3.08°-01
2.362-01
2.67F-01
24487-01
2.312-01
2.15E£-01
2.00£-01
1.360.-01
la742-01
l.62F-ul
1.50t-01
1.402-01
1.3070-0l
1.222-01
lel13e-01
las--01
le827-02
FaleT-02
8.52L-02
fe33.-02
T«392-02
bHe38:-02
6e41:-02
9eP7..-12
Dev 1702
5414722
4aM3T =12
“abur =02
4al197=-92
3.9l -12

Jehbo-02

24

5
B

Densit.

4,387 -J6
4ot 3F =06
4.307-36
4,907 -06
3.725-06
3.460-06
3,22c-06
2.39F-06
2. 10506
2.59:-06
2.4LE-06
2.24%-06
2.087-06
1.94€-06
1.800-06
l.672=-06
1.56L-06
1.456-06
1.355-06
1.252-06
1.170-06
1.076-06
1.01C-us
9.400-97
8.75€-07
3.14E-07
7.585-07
7.055-07
6.56C~-07
6.110-07
5.697-07
5.29E-07
4.93.-017
4.595-07
4.275-07
3.976-27
3, 70F-07
3445507
3.21%-07
2.99~-07
2.182-07
2.597-07
2.410-07
2.258-u7
2.090-01
1.95C-07
1.31E-07
1e696=07
1.57€-07
leaT77-uT7
L.374-07
1.27L-07
1.197~u7?
LelU™ =07
1.036-07
P ETEOE
sedd_ -0
Ge 335-)4
T.767-0%
1.238-93

Speed of sound
m/sec

km

Density scale height

141

cim

ean free path

it

1.6E-03
1.76-03
1.JE-03
2.0E-03
2.2E-03
2.3E-03
2.50-03
2.76-03
2.9E-03
3.1E-03
3.4E-03
3.6E-03
3,9L-03
4,28£-03
4.5E-03
4.8E-03
5.2E-03
5.6F-03
6.0C-03
6.4E-03
6.9E-03
7.4E-03
8.0E-03
8.6E~-03
9.2E-03
9.9E-03
1.1€-02
1.1€6~-02
1.2E-02
1.3E-02
1.4€E-02
1.5€-02
1.6E-02
1.86-02
1.7E-02
2.UE-02
2.26-02
2.3£-02
2.5E-02
2.76-02
2.9E-02
3.1E-02
3.3E-02
3.6E-02
3.9€-02
4.1E-02
4.4E~-02
4.3E-02
5.1F-02
5.9E-02
5.9C-02
6.3E-02
6.00-02
7.3E-02
7.36-02
Reab-02
9.0E-02
9.7€6-02
1.0t-01
1.1E-01

sec x 105

ity
kg/m

Viscos

e et b e e e e o
« 6 & 8 o 2 s s e
e s e s ot ot e et
- et e e P e e e

.
—
o

l.11
l.11
l.11
1.11
1.11
l.11
l.11
1.11
l.11
l.11
l.11
L.11
l.11
l.11
l.11
l.11
l.11
l.11
l.11
l.11
1.11
l1.11
lol1
l.11
l.11
l.11
l.11
1.11
lell
l.11
l.11
l.11
l.11
l.11
l.11
1.11
1.11
.11
1.11
l.11
l.11
l.11
l1.11
l.11
t.11
l.tl
l.11
i.11
l.11



lom,

Altitude

s

96
97

99
100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
320
330
340
350
360
370
380
390
400
410
420
430
440
450
460
470
480
490
500
510
520
530
540
550
560
570
580
590

Tempfraturo
K

180.4
180.v
13v.Y
189.0
180.0
180.0
180.9
180.0
180.0
180.0
180.9
180.,0
200.0
220.9
240.0
260.0
280.49
300.0
320.0
340.0
360,19
380.0
400.0
429.0
440.0
460.0
480.0
500.U
52042
340.0
560.0
580.0
600.0
620.0
640.0
660.0
680.0
700.0
720.0
740.0
760.0
780.0
300.0
820.0
840.U
860.0
880.0
300.0
720.V
940.0
60,0
980.0
1000.0
10620.0
10445.0
1060.0

a9
E

3.39F-02
3.l6L-02
2950 -02
2.75L-02
2.567-02
2.39%-02
2.23E-02
1.10E-02
5¢51E-03
2.76E~-03
1.38E-03
6.985-04
3.66£~-04
2.05F=-04
1.21c-04
7.470-05
4.79E~-0%
3.18E=05
2.176-05
1.52¢-05
1.08E-D5
7.92F-06
5.8BE-06
4.445-06
3.400-06
2.64F~06
2.07F-06
1.65£-06
t1.326~-06
L.07E-06
3.76E-07
7.222-07
5.99t-07
5.01E-07
he22E-0T
3.576=~07
3.046-07
2.61F-07
2.24E-07
1e24£-07
1.69C-07
1e47E-07
1.29¢-07
lel& -07
1.00°-07
He39FE-08
7.71t~-08
7.065-08
6432E-08
5.61C-08
5.10L-08
4.61C-08
4.112-08
3.78:-08
3.447-08
3.13.-08

3

5
B

Density

6b.74L-08
6.287~08
9.85C-08
5.450-08
5.,08E-08
4.74.-08
4.42E-04
2.197-08
1.09r-08
5.47C-09
2.758-09
1.39.-09
6.545-10
3.335-10
l.30E-10
1.03E~-10
6.116-11
3.785-11
2.42E-11
1.592-11
1.08E-11
Te44E-12
5.25E-12
3.78E-12
2.765~12
2.05E~-12
1.54E-12
1.186-12
J.097-13
7.09E-13
5.59E-13
4.455-13
3.57E~-13
2.39C-13
2.35£-13
1.93:2-13
1.600-13
1.336-13
1.11€-13
7.370-14
7.93E-14
6.74E~-14
5.76E-14
4.95E-14
4.272-14
3.69€-14
3.21e- 14
2.s805-14
2.45F~14
2.15E-14
1.90:-14
1.68°-14
l.497-14
1.32e-14
L.l8L-14%
L.06%~14

peed of sound
n/sec

~
g

260,
266,
2606
266.
266,
266.
260.
266
266.
266.
266.
266.
280.
294.
307.
319.
331.
343,
354,
365.
376.
386.
396,
406,
415.
425.
434,
4643,
452 .
460.
469,
477.
485,
493,
501.
509.
5t6.
524.
531.
537,
S46.
553,
560,
5617«
574.
981.
587.
594.
601.
607.
6l4.
629.
626,
632,
A3 ).
6H45,

lan

Density scale height

14.2
14.2
l4.2
14.2
14.2
14.2
14.2
14.3
l4.4
14.5
14.6
14.6
l14.1
15.5
17.0
18.5
20.1
216
23.2
24.7
263
27.9
27.5
31.1
37.8
34.4
16.1
37.7
33.4
4l.1
42.9
44 .6
463
48.1
4949
5l.7
53.5
55.3
57.1
59.0
60.83
62.7
64.6
66.5
68.4
70.3
72.3
T4.3
76.2
78.2
80.2
82.7
B84.3
86.3
B8Ha4
90.5

Mean free path

1.2€-01
1.3€6-01
1.4E-01

L.5E~
l.6€E~
l.7E-
1.8E-
3.7E-
Te4E~

1.5E
2.9E
5.8E
1.?2E
2.4E
4.5E
T.9E
1.3F
2.1
3.3E
S5.1E
7.5E
1.1E
1.5E
2.1E
2.9E
3.9E
5.2E
6.8F
8.9E
1.1E
l.4E
1.8E
24 3E
2.8t
3.4E
4.2E
5.0E
6.1E
7.2E
8.6E
1.0E
1.2€
l.4E
l.6E
1.9E
2.2E
2.5E
2.9E
3.3E
3.7E
4.2E
448F
5.4E
6. 1E
6.8F
T.6E

ot
ol
0l
ol
(438
0l
00
00
00
[¢2}
ol
01
02}
02
02
02
02
02
03
03
03
03
03
03
03
03
04
04
04
04
04
04
04
04

04
04
05
05
05
05
05
05
05
05
05
05
05
05
05
0s
0s
0%

kg/m sec x 10°

Viscosity

e 8 6 ¥ B s 6 8 8 0 0 s s b

) N Pt bt s e e e e e s et
BN e e pt s g et e e P

b e e s e e Pt e (e e et e P e
.
[
S~

.
-
W

1.88

L1



Lo

0-6

Tt x 1

Altitude

08.0000
0.0033
0.00606
0.0098
0.0131
0.0164
0.0197
0.0230
0.0262
0.0295
0.0328
0.0361
0.0394
0.0427
0.0459
0.0492
0.0525
0.0558
0.0591
0.0623
0.0656
0.0689
0.0722
0.0755
0.0787
0.0820
0.0853
0.0886
0.0919
0.0951
0.u384
0.1017
0.1050
0.1083

Temperature
R

369.0
351.8

343.6
335.4
3271.2
319.0
310.9
302.7
23445
286.3
278.1
269.9
261.7
293.5
245.3
237.1
229.0
220.38
212.6
204.4
136.2
18%.0
179.8
179.¢
17/9.%3
179.%3
172.3
177.8
179.4
1/9.4
175.3
173.4
179.5
173.4

Pressure 2
lbs/in

VL H480-Q)
l.34£-01
1.23C~-01
1.13-01
1.03€£-01
J.45E-02
8.62E-02
7.84.-02
7.12€-02
Heats-02
5.31E-02
5.23E-02
4459602
4.19E-02
3.74c-02
3.31-02
2.935-02
2.53E-02
2.260-02
L.96£-02
1.702-02
L.456E-02
1.25¢-02
1L.07E-92
2.102-03
{.76E-03
6462003
5.64L-03
4.812-03
4.10E-13
2.50c-03
2.4140-03
74952-03
243703

TABLE IV

NASA MARS ATMOSPHERE
MODEL 3
(Minimum)

English Units

o
&
o
)
=0
o 2 o'g
+» =] 23 ~
G4 6]
~. (NS [5)
[0) v K
- A N
)
bl s BE
2] [\)] 0]
g ° g
a &' X
-4, 19€-08 81y, 0.056
3.95E~-05 82%. 0.055
3.72E-05 8l4. 0.054
3.50E-05 804, 0.053
3.28E-05 795. 0.051
3.08E-05 785. 0.050
2.88€£-05 174, N.049
2+.695-05 164, 0.048
2.51%-05 754, 0046
?.34E-05 743, 0.045
2.170-05 732, V.044
2.01:~-05 122. 0043
1.36E-05 7l1l. 0.041
1.72€-05 699, 0.640
1.58£-05 688, 0.039
l.45F-05 676, 0.038
1.33E-05 665, 0.036
1.21E-05 s£53, 0.03%
1.10E-05 640. U.034
9479006 528, 0.033%
7.01E-06 615, 0.031
3.10F-06 602. U.030
T.245-06 489, 0.029
541711-06 589, N.021
5.26E-06 589, 0.021
4.4BE-06 539. 0.021
3.82L-06 589, 0.021
3.266~06 587, 1,021
2.78E-08 Hv39, 0.021
2371 =06 o8 ). 0He021
?2.02¢-06 13 1. O.uz2l
1.72F~06 589, He021
1.475-06 5133, U.021
le26L-C0 999, NeD21

ean free path
ft

1'
4

le HE~0%
1.5€-05
1.6E-05
1.7E-05
1.3E~05
1.9E-05
2.UE-05
2.2E-0%
2.3C-05
2.5€£-05
2.75-05
2.7E-05
3.2E-05
3.4£-05
3.7€-05
4.0E-05
4.4E-05
4.8E-05
5e3E~-05
5. 1L-05
he5E-05
7.3E-05
8.1F-0%
9.50-05
1.1E-04
1.30-04
1.5C-04
l.dF-04
2.1E-04
2.9E-04
2.3E-04
3.40-04
4.0E-04
4.1C-04

o

ity
slugs/ft sec x 1

Viscos

2.30
2.24
2.18
2.13
2.08
2.03
1.98
1.94
1.89
1.84
1.79
1.75
1.70
1.65
1.61
l.56
1.52
1.47
1.43
1.38
1.34
1.30
1.25
1.26
1.25
1.25
1.25
1.25
1.25
1.25
1.25
1.25
1.25
1.295

ity

anemaaic viscos
t*/sec

K

$.5€-03
5.7E-03
5.9E-03
6.1€E-03
6.4E-03
6.6E-03
6.9£-03
7.2E-03
7.5E-03
7.9€E~03
8.3€-03
8.7E-03
9.1E-03
9.6E-03
1.0E-02
l.1E-02
1.1E-02
1.2E~02
1.3€-02
1.4E~02
1.5£-02
1.6E~02
l.7E~02
2.0€E~02
2.4E~02
2.8E~02
3.3E-02
3.96~02
4.5E~02
5.3E~02
6.2€~02
7.3€E-02
8.5€6~02
1.0E-~01



10~6

ft x

Altitude

O.1116
O.1148
0.1181
0.1214%
0.1247
0.12380
0.1312
0.1345
0.1378
O.l4l1
O.l444%
0.1476
0.1509
0.1542
0.1575
0.1608
0.1640
0.1673
0.1706
0.1739
0.1772
0.1805
0.1837
0.1870
0.1903
0.1936
.0.1969
0.24901
0.2034
0.2067
0.2100
G.2133
0.2165
0.2198
0.2231
0.2264
0.2297
0.2330
0.2362
0.2395
0.2428
0.2461
0.2494
0.2526
0.2559
0.2592
0.25625
0.2658
0.2630
0.2723
0.2756
0.2739
0.2822
0.2854
0.2887
0.2720
0.2993
Q.2786
0.30173
0.3051

179.8
179.48
173.3
177.8
177.8
179.8
179.8
179.8
179.38
179.3
179.8
1/77.8
173.8
179.8
177.8
173.8
179.8
1/9.8
1/9.3
179.8
179.8
179.38
179.8
1/9.8
179.8
179.4
179.8
179.8
179.8
179.8
179.8
179.8
17/9.8
179.3
179.8
179.8
179.3
179.8
17/9.8
179.3
173.5
179.8
L79%.8
179.8
179.3
173.8
179.8
179.3
179.8
179.¢
179.8
179.8
173.8
1/9.8
177.8
177.3
177.3
1L73.8
171.3
143.3

Temperature
R

in°

Pressure
lbs/,

Ledbe~013
1.58%-03
le3%5E-03
1.15:-03
JeB3L-04
2e39E-04
7.16L-04
6.11t-04
5.220-04
4.46E-04
3.81E-04
3.2%£-04
2.7bE-04
2.37F-0D4
2.03E-04
1.73E-04
L.48E-04
1.26E-04
1.08E-04
Je24c-05
7T.90E~0%
6.75£-05
5.7TTE-05
4.93E-05
4.220-05
3.6LE-05
3.09E-05
2.64E-05
2.26E-05
1.793E-05
1.65£-05
1.41:-05
1.21E-0%
1.04€E-0%
B.d6E-06
71.99.-06
H.49E~06
9«56E-06
4.76E-06
4.08C-C6
3.43€£-06
2.399E-06
2+56L~-U6
2.195-06
1.385-06
1.617-06
1.38c-06
1.182~06
1.01E-06
B.O6HC-0T
7.44E-07
6e38L-07
5.470-07
4.69E-07
4.N02e-07
Jeab4i--07
2+95E-07
2.53:~07
2elTc—-07
1.36.-07

s/ft3

Density
slug

t.07.~06
Ve14T~07
7.40L~-07
hab656~07
Se68E~-07
4.850~07
4. l4E~07
3.53E~07
3.,02F~07
2.58:~07
24205~07
1.486~07
Lo l0~07
1.377-07
1.17C~07
1.J0E~07
44557~08
7T.3LE~08
5425c~08
5e34c~-08
4.565~-038
3.90E~08
3.340~08
2.85L~08
2.44E~08
2.092~04
1.78E~08
1.53-~08
1.30£8-08
1.12E~048
F.95E~-09
8.17L-09
5.996~09
Se38E~-09
5.172L-09
4.380-09
3.752~-072
3.21£~092
2.750-07
2.36F~09
2.020-G3
1.73C~-09
1.48E-07
1.27L~09
1.096~09
J+30E-10
7.776~10
G.H83L~-10
5.850~19
$.02~10
4430010

3.6B°-10

3.16C~-10
2.71C~16G
2.326-10
L.390-10
1.71F~10
1le46E~-10
L.26F-10
1.08I-10

Speed of sound
ft/sec

izht

_he

Density scale
ft x 10
ean free path

0.021
Ge021
Le021
0.021
N.021
0.021
U.021
0.021
0.021
0.021
0.021
0.021
0.021
0.021
0.021
U.021
0.021
0.021
0021
G.021
v.021
0.021
0.021
0.021
V.021
0.021
0.021
0.021
0.021
0.021
0.021
0.021
0.021
0.021
0.021
0.021
0.021
N.021
U.021
0.021
Y.021
0.021
0.021
0.021
V.021
0.021
v.021
0.021
0.021
0.021
0.021
0.021
0.021
0.021
0.021
0,021
0.021
a021
ve021
0.021

¢

M

SebhF—
hebE~
TebE-
8.8E~
1.0E-
1.2E~
l.4€E-
l.7C-
l.9€-
2.3E-
2.70-
3.16E-
3.7F-
4.3F-
5.J0k-
5.90-
6o IF-
8.0E-
F.4E-
l.lE-
l.3€-
l.5E-
1.3E-
2.1E-
2.4F-
2.3E-
3.3E-
3.9E~
4e5FE-

04
04
04
04
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
02
02
02
02
02
02
02
02
02
02

5.36-02
6.2c-02
7.2E-02
8.4£-02
9.4E-02
1.1e-01
1.3F-01
1.6E-01
1.8€-01
2.1€-01
2.5€-01
2.9E-01
3.4E-01
4.,06-01
4.6F-01
S5.4F-01
6.3E~01
7.40-01
8.6C-01

1.0F
l.2F
l.4C
l1.6F
1.9F
2.2¢L
2.o0
3.0C
3.4L
AUt
ball
“ablF

00
ou
00
00
ov
00
(]V]
00
09
[o]V]
(]0]
00

7

slugs/ft sec x 10

Viscosity

1.25
1.25
1.29
1.25
1.25
1.25
1.25
1.25
1.25
1.25
1.25
1.25
1.25
1.25
1.25
L.25
1.25
1.25
1.25
1.25
1.25
1.25
1.25
1.25
1.25
1.25
1.25
1.25
1.25
1.25
1.25
1.25
1.25
1.25
1.25
1.25
1.25
1.25
1.25
1.25
1.25
1.25
1.25
1.25
L.25
1.25
1.25
1.25
1.25
1.25
1.25
1.25
1.25
1.25
1.25
1.25
1.25
1.25
1.25
1.25

5 ¢ viscosity

i
£t~/sec

Kinena

1.2€~
l.4E~
1.6E~
1.9€~
2.2€E-
246E~
3.0E~
3.6E-
44.2E-
4.9€E-
5.7TE-
6.7E~
T.8E-
9.2€E-

1.1E
1.3€
1.5E
1.7€
2.0E
2.4E
2.8E
3.2E
3.8E
4.4E
5.2E
6.0€E
7.0E
8.2E
9.6E
141E
1.3E
1.5E
1.8E
2.1E
2.5E
2.9€
3.3E
3.9E
4.6E
5.3E
6.2E
7.3E
8.5E
9.9€
1.2E
1.4E
1.6E
1.8E
2.1E
2.5E
2.9E
3.4E
4.0E
4.6E
S5.48
6.3E
T.4E
8.6¢E
1.0F
1.2E

o1
01
01
0ol
o1
ol
01
ol
01
(43
o1
0l
0l
o1
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
o1
0l
0l
01
o1
o1
ol
01
0ol
()]
ol
[
o1
ot
o1l
02
02
02
02
02
02
02
02
02
02
02
02
02
02
03
03

k3



L

ft x 10"'6

Altitudoe

0.30484
0.3117
0.3150
0.3133
0.3215
0.3248
0.3281
0.3609
0.3937
0.4265
0.4593
0.4921

°R

iperature

Ter

173.8
1296
1713.93
173.2
179.8
177.8
177.3
1/9.3
179.8
179.8
179.8
179.8

lb;/in2

Pressu

1.60F=-07
Le37u~u7
1.1952-07
l.312-07
Jenli=-00b
le44L-08
©0.39:-08
1.397-08
3.06E£-09
Ge79E-10
1.52t-10
3e43c-11

:.l'-
slugs/ft3

Densit

de24l-11
Te93L-11
beBUL-11
n.84=~-11
5.01C-11
4.30E-11
3.69C-11
A.u5E-12
1.77€~-12
3.930-~-13
de/9F-14
1.798-14

Y

of “sound
ec

’

5

’
/
I

4
XN
X

=

Spe

Y87
54 ).
99 3.
EELEN
28 3.
Y3 9.
589,
589.
987,
589,
289
587.

J.021
3.021
D21
G021
)21
0021
0,021
0.022
v.022
0.022
V.022
1.022

6.4k
7.4t
3.6F
| RRVER
l./€
le4f
l.6F
Te5L
3.3F
1.5F
6.7E
3.0F

00

[¢1V)
o1
0l
0l
0l
ol
02
03
03
04

ty
/

slugs,

13C0OsL

V

1.25
1.25
1.25
1.25
1.25
1.25
1.25
1.25
1.25
1.25
1.25
1.25

ft sec X 107

1.4E
l.6F
1.8€
2.2E
2.5k
2.9E
3.4€
l.6E
7.1€
3.2E
1.4E
6.3E

03
03
03
03
03
03
03
04
04
05
06
06



k.,

Altitude

VX ~NCNSWN~O

TABLE IV
NASA MARS ATMOSPHERE

- MODEL 3
(Minimum)
Metric Units
D
&
o
D
K]
Z2 . 5
= ) ©
[¢) o 2
g ™ (73] o
£ 8] 0 [
] § S TH f
=
8 2 ha] o2 8 “8
Qo 2] 5] o [0} 5
52 : &2 5 3
[ 8 16) (o] =
200.0 1«00E 01 2. 1.E-0S 254. 1.2 4. 2F-qa4
195.4 .21 00 2.036-05 251. 16.8 4,5E-04
1906.9 B.48E 00 1.91E-05 248, 16.4  4,8€-04
186.3 1.78E 00 1.800~05 245. 16.1 s5,.1E-04
181.38 7.13¢ 00 1.69C-05 242. 15.7 s5.5g-04
177.2 6.51E 00 1.580-05 239. 15.3  5,8E-04
172.14 5.94F 00 1.48E-05 236. 14.9  6.2e-04
168.1 5.40E V0 1.392-05 233. 4.5 6.6E-04
163.6 4.90E 00 1.292-05 230. 14.2  7.1E-04
159.0 4.44F 00 1.20£-05 227. 13.8  7.7€e-04
154.5 4.01F 30 1.12F-05 223. 13.4 8.2e-04
149.9 3.600 230 1.04:-05 220. 13.0 8.9E-04
145.4 3.237 00 9.59F-06 217. 12.6  9,.6E-04
140.3 2.89€ 00 g.855-06 213. 12.2  1.0€e-03
136.3 2.57FE 00 d.14E-06 210. 11.9 1,1€-03
131.7 2.28L 00 T.475-06 206. 11.5 1,2E-03
127.2 2.027 00 6.347-06 203. 1.1  1.3E-03
122.6 1.787 00 6.245-06 199. 10.7 1.5E~-03
118.1 1.55C 00 5.6TE-06 195. 10.3  1.6€-03
113.5 1.35C 00 5.145-06 171. 7«9  1.8€E-03
109.0 1.17¢ 00 4.64C-06 184. 9.5 2.0€E-03
104.4 1.01¢ 00 4.175-06 184, Vel 2.26-03
99.9 8.63L-01 3.730-06  18U. 8.7 2.5¢-03
9749 T.360-01 3.18.-06 189. 6.3  2,.9£-03
9.9 6.277-91 2.712-06 180. 6.3 3,4E-03
Y9.7 5.357-01 2.310-06 180, 6.3  4,0E-03
999 4.56E-01 l.276-06 189. He3  4,.76-03
e 3ed9l=01 1.68F-96 180, 6.3  5,5-03
719.) $.310-01 L.437-06 1%0. 6.3  6.4F-03
9947 2.43.-01 1.22-06 1%3. 6.3  7.6E-03
99.9 2.41L=-ul 1.04€-06 180, 6.3  8.9E-03
9949 ?.Uh =1l Aes8r=ul 18y, 5.3 1.0€-02
994 1797 =01 7.57°-07  18u. Hed 1.2F-02
3947 1.50:-01 L.GH0=GT 140 he3 Le4E-02

kg/m see x lO5

Viscosity



L6

Altitude

km,

Temperaturs
°K

9.9
994
99.)
I9 .43
9%
99.9
97.9
9.9
ER ]
99.9
39. s
99.9
99.9
29.9
9.3
39.3
99.9
99.9
999
39.73
999
39.9
9.
99. 3
99,3
99.3
99.3
93.9
99.)
93.9
39.9
9947
999
EX ]
99.9
99
79.9
99,3
Y9 ad
999
99
99.9
393
99.9
93.9
9.9
3.9
993
93
97.3
99.7
47.9
99.9
13.)
e 4
39. 7
EE R
9437
73e 7
TIa

Pressure
mb

1.28£-01
| VIR VD)
9.30I-02
{94E-02
ha TTL-02
He18--02
4.34C-07
4.21E-22
3.60€-02
3.0rC-02
2.62E-02
2e24E-02
1.71E-02
l.64F~02
1.406-02
1.19E-02
1.02E-02
3.7T1E-03
7.45¢-03
6.37€E-03
3.44t-03
4.055-03
3.,982-03
3.40E-03
2.91-03
2.49E-93
2.13F-03
1.82c-03
1.56c-03
1.33C-03
t.14t-03
}.74L-04
Ze34L-04
7.14<-04
6.112-04
5.23E-04
4.48C-04
3.83c-04
3.28£-04
2.81E-04
2.41lE-04
2.06L-04
1.76E-04
1.51E-04
1.29:-04
I.117-04
7.50L-05
3.14L-05
5.98C-CH
5.38F-05
5.13E-05
4e39L-05
3.77L-05
3.23r-95
2.77C-35
2.37c-05
2.04.-05
1.755-05
1.590-05
1.282-095

5
B

J 3

Densit

Senle~0/
4. 10%-07
4.01T-07
3.43%-07
2422007
2.50F-u7
2.13%-07
1.826-07
1.55£-07
l.336-07
1.135-07
J.67E-08
8.26E-08
7.065-08
6.03E-08
5.15€-08
4.402-08
3.765-08
3.21F5-048
2.75£-08
2.35z-08
2.01F-038
1.725-038
1.47c-038
1.26C-08
1.07¢-08
7.18E-09
7.85E-09
6.72£-09
5.75F~09
4.92€-09
4.21E-~09
3.60c-09
3.08=-n9
2.64E£-09
2.26F-09
1.93C-09
1.650-09
1.42E-09
1.21E£-09
1.04c-09
6.89C-10
7.61F-10
6.52€-10
5.59r-10
4.79F-10
4.10E-10
3.51L-10
3.01t-10
2.585-10
2.21E-10
1.30e~-10
Le63r-10
1.392-10
1.19%-1v
1.02£-10
d.197-11
l-541-11
HehbL-11
Ye94L-11

Speed of sound
m/sec

km

Density scale height

6.3
a3

>
..
)

L S T T R T
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SIAN IR OVMVUT PR PP PP PLPDLPPLDLDIIILD LI PDDDPPP P WU wWwL W WL
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P T T S

OIS TITOTITCCCCITOOICITIOOCTTOOCORTCOTOD

>
s e 0 0 e s
[N

Hab
05
heb
e
6.5
665
HeS

ean free path

M

te7E-
2.U0fF-
2.3E-
2.TE-
3.20-
3.7E-
4. 3E-
S.1E-
Se9E—
6.9~
B.1E-
9.5€-
l.1E~
1.3€-
l.5E-
1.8€-
2.1E-
2.4E-
2.9E-
3.4E-
3.9E-
4o 6E-
Se4E-
6.3E~
7.3E-
B.6E~

1.0E
1.2C
1.4E
1.6F
1.9E
2.2L
2.6E
3.0€
3.5E
4.1€
4 .8EC
S.6F
6.5E
7.6E
8.9E
1.0E
1.2E
Lo4E
1.6E
1.9€
2.2E
2.6E
3.1C
3.6E
4.2E
4.9C
5. /€
6.0F
T.7E
I UE
1.0
1.2E
l.4t
1.7E

cm

02
02
02
02
02
02
02
02
Q2
02
02
02
01
0l
ol
01
01
01
0l
01
01
ol
ol
01
ol
o1
00
00
00
0v
00
00
00
00
00
00
00
00
Q0
00
00
ol
ol
ol
01
01
ol
o1
ol
02
ol
ol
01
01
01
0l
a2
02
02
02

5

Y
m se¢c x 10

ke/
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Altitude

94
95
96
97

99
100
110
120
130
140
150

NASA-Langley, 1964

kom.

Temperature
°K

EE R
)30
Y
V9.9
99.9
93.9
39
99.9
9. )
99,
98.9
R

D-2525

Pressure
mb

-

L.1u7~-25
1.45E~006
3«11E~06
HeWbi~N6
SedTI~06
2.13E£-06
++40C~06
1.5720-07
2.11r-0¢
4.68--08
L.u5£~08
2.36c-U9

4.765-11
4.08K-11
3.506-11
3.002-11
2.580-11
2.21:-11
1.90€-11
4.lbkE-12
9.117-13
2.02-13
4.52E-14
1.02z~14

133.
180.
180.
180.
18J.
180.
180.
180U.
18v.
140.
180,
180.

-
[}

SOOI

Density scale heig

NSNSV V N

km

¥ean free path

1.7€
2. 3E
2.6E
3. 1L
3.6E
4.2E
4.9E
2.2E
1.0E
4 .bE
2.0E
9.0E

cnl

[eF4
02
02
02
02
02
02
03
04
04
05
05

scosity
ke/m sec

3
b

v

0.60
0.60
0.60
0.60
0.60
0.60
0.60
0.60
0.60
0.60
0.60
0.60

Lt
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“The aeronautical and space activities of the United States shall be
conducted so as fo contribute . . . to the expansion of human knowl-
edge of phenomena in the atmosphere and space. The Administration
shall provide for the widest practicable and appropriate dissemination
of information concerning its activities and the results thereof.”

—INATIONAL AERONAUTICS AND SPACE ACT OF 1958

NASA SCIENTIFIC AND TECHNICAL PUBLICATIONS

TECHNICAL REPORTS: Scientific and technical information considered
important, complete, and a lasting contribution to existing knowledge.

TECHNICAL NOTES: Information less broad in scope but nevertheless
of importance as a contribution to existing knowledge.

TECHNICAL MEMORANDUMS: Information receiving limited distri-
bution because of preliminary data, security classification, or other reasons.

CONTRACTOR REPORTS: Technical information generated in con-
nection with a NASA contract or grant and released under NASA auspices.

TECHNICAL TRANSLATIONS: Information published in a foreign
language considered to merit NASA distribution in English.

TECHNICAL REPRINTS: Information derived from INNASA activities
and initially published in the form of journal articles.

SPECIAL PUBLICATIONS: Information derived from or of value to
NASA activities but not necessarily reporting the results -of individual
NASA-programmed scientific efforts. Publications include conference
proceedings, monographs, data compilations, handbooks, sourcebooks,
and special bibliographies.

Details on the availability of these publications may be obtained from:

SCIENTIFIC AND TECHNICAL INFORMATION DIVISION

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

Washington, D.C. 20546



